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Foreword 


O p all the works of man in the various branches of en- 
gineering, none are so wonderful, so majestic, so awe- 
inspiring as the works of the Civil*Engineer. It is the Civil 
Engineer who throws a great bridge across the yawning chasm 
which seemingly forms an impassable obstacle to further 
progress. He designs and builds the skeletons of steel to dizzy 
heights, for the architect to cover and adorn. He burrows 
through a great mountain and reaches the other side within a 
fraction of an inch of the spot located by the original survey 
He scales mountain peaks, or traverses dry river beds, survey- 
ing and plotting hitherto unknown, or at least unsurveyed, 
regions. He builds our Panama Canals, our Arrow Rock and 
Roosevelt Dams, our water-works, filtratj. n plants, and prac- 
tically all of our great public works. 

The importance of all of these immense engineering 
pjtojects and tfie need for a clear, non-technical presentation of 
' the theoretical and practical developments of the broad held 
of Civil Engineering has led the publishers to compile this 
- great reference work. It has been their aim to fulfill the de- 
, of the trained engineer for authoritative material which 
will solve the problems in his own and allied lines in Civil 
•Ensrinowng, as well as to satisfy the desires of the self-taught 
tiraetical man who attempts to keep up with modern engineer- 
ing devetopments. 



Books on the several- divisions of Civil Engineerinsr are 
many and valuable, but their information is too voluminous to 
be of the greatest value for ready reference. The Cyclopedia of 
Civil Engineering offers mof^ condensed and less technical 
treatments of these same subjects from which all unnecessary 
duplication has been eliminated; when compiled into nine 
handy volumes, with comprehensive indexes to facilitate the 
looking up of various topics, they represent a library admirably 
adapted to the' requirements of either the technical or the 
practical reader. 

The Cyclopedia of Civil Engineering has for years occupied 
an enviable place in the field of technical literature as a 
standard reference work and the publishers have spared no 
expense to make this latest edition even more comprehensive 
and instructive. 

^ In conclusion, grateful acknowledgment is due to the staff 
of authors and collaborators — engineers of wide practical ex- 
perience, and teachers of well recognized ability — without 
whose hearty co-operation this work would have been im- 
possible. 
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PART I 


INTRODUCTION 

Scope of Work. Hie subject of steel coustruction as here used 
coven tive use of structuiul steel for the supports for buildings, 
whether in^tfae forms of isolated members or complete framewtttk. 
It deals espedally with architectural structures, such as business 
bujldingB, ofl|pe buildings, wtuehouses, residences, etc. Mill build- 
ings and iW trusses might properly be included under this subject, 
but as they are covered elsewhere in the course of study, til^y are 
not r^^ted h^. 

Con^eration is given first to the structural steel sectimn, i. e., 
the shapes in wfaidi the matmal is available, such as plates, angles, 
I-beams, etc., studying their properties and uses. Certain definite 
sises, ^pes, bud weights of sections cap be purchased in the mar- 
ket Acqufuntance with these sections tod :ome knowledge of the 
purposes for which the ^dal shapes are adapted are essential 
prdimmaries to the study of steel design. 

, ^Itt^designer ImOw the qudity of the material which he 

is Ui^': ft brief discussion 'of the dhemical composition 

aasd p^dcftl pK^tdes^of stel^ for structural purposes is given. 

fijqpieiieupe and .eq^eriii^t have estaldish^ the working loads, 
e., ui^ atitipesi that can be applied safely to structural steel under 
yaiiima The values now used are so well establidied 

may be ccmudered hs standard. Consequently, the unit 
I'lpVto widi e^y such discunion as is necessary to 



|@keei.prcSminary cmisiderations comes the study 0^, 
““ mid l?«rftg are used in all forms of atroctwil' 
tj^ tent hi devoted to tiimn bhbre t i ddrtg ^ 
'i^'tensimiumnben./ Iba study of 
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bers gives a review of the theory involved, the formulas, the compu- 
tation of loads, the application to 'assumed cases, and details of 
construction. 

Having studied the elements of the structure as <iescribed 
above, complete structures are then investigated and designed. 
Examples of existing structures are taken for this purpose. And, 
finally, there is a discussion of painting, fireproofing, and speci- 
fications. 

Structural steel is a perishable material if exposed to the ele- 
ments and is so to a considtTable extent when enclosed in a building 
but exposed freely to the air. It is a dangerous material when 
exposed to fire. A part of the designer’s duty is to provide the 
necessary protection from corrosion and from fire; consequently, 
considerable attention is given to painting and fireproofing. 

The specifications for structural steel are quite w;ell standard- 
ized so far as usual provisions arc concerned. Nevertheless, some 
modifications or additions are usually required for each job. The 
requirements are outlined briefly in the text. 

Purpose. It is the purpose of this book to give a thorough 
presentation of the theory and practice of design. It is believed 
that careful study of the text and faithful work in solving the prob- 
lems w ill furnish the i)roper equipment for designing "any ordinary 
steel construction. The ability to deal with complicated problems 
will follow nathrally after practic‘e wdth the simpler ones. 

In addition to its uses as a textbook, this work is suitable for a 
reference book for designers, being especially useful to those wdiu 
have to design steel w^ork only occasionally, and to beginners in 
practical work. It does not pretenfl to offer anything new, but 
aims to explain in a simple way the established theory and 
practice. ^ 

Prepara^n. Fundamental Principles, In order to take up 
the design of structural steel w ork, it is necessary that one have an 
understanding of the theory and the formulas used in the design 
of the sted in^mbers. It is assume<l that the essential parts of the 
theoiy, as referred to in “Strength of Materials’’, “Structural 
Drafting”, “Statics”, and ‘^lloof Trusses”, have been mastered, 
and if this is not trtie, these subjects should be reviewed before 
proceeding with ''Sted 'ConstruetfflSS^^ 
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It is of the greatest important'e that the fundamental principles, 
that is, the theory underlying the optTations in designing, be kept 
in mind- Only in this way can one be sure that no step in the work 
has been omitted- This understanding of the theory will, in a large 
measure;, remove the neajssity for formulas. It would be impossible 
to illustrate all the problems that come up in actual practice, so that 
the designer must understand the theory in order to design with 
reasonable assurance of correctness and to solve the innumerable 
problems that arise. 

Siviple Mathematical Requirenumts. The mathematics required 
in designing are little more than arithmetic. It is true that the 
formulas are expressed in algebraic terms, but as these formulas 
are in the form required for direct application to the problems, no 
algebraic transformat ions are 
nec^essary in ordinary cases. The 
work to be done simply consists 
in substituting numerical values 
for the letters and performing 
the additions, subtractions, mul- 
tiplications, and divisions indi- 
cated by the symbols. The 
formulas will be stated in words 
as well as in letters so that the 
designer need not follow . set 
examples. 

Equilibrinm Relations, The 
three fuudamefntal relations of equilibrium, illustrated in Fig. 1, 
must always be kept in mind, ’Viz: 

(1) Summation of horizontal forc^es equals zero 

(2) Summation of vertical forces equals zero 

(3) Summation of moments equals zero 

In the textbook on ""Statics/' equilibrium is defined as follows; 
When a number of forces act upon a body which is at rest^ each tends 
to mode it; but the effects of all the forces acting upon that body may 
gotmteraci or neutralize one another, and the forces are said to he bair 
anced or in equilibrium. 

^ ^ 1*^ represents a body to which certain forces are applied. 

/'The horizonlal forces h and A' are equid and opposite in direction^ 


(a) 


I 


300 


1000 


h'^IOOO 


500 


- lO-O- 


850\ [b) 650 

Fir 1 Diagram Showing Forces in 
Eciuilibnum 


18 
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thus satisfying the first relation. Likewise the vertical forces satisfy 
the second relation. The horizontal forces are in the same straight 
line and the vertical forces are in one striught line, hence there is 
no tendency to rotate and the third relation is satisfied. All at this 
is evident from the drawing. 

Fig. l>b represents a more complicated case. There are no 
horizontal forces. The vertical forces acting downward are 1000 
-f.500al500; acting upward are 850+650=1500; hence the sum- 
mation equals zero. Taking any point o as a center, the moments 
clockwise are 

5X1000 = 5000 
9X 500 =4500 

0500 

The moments in the opposite direction are 

2 X 850 = 1700 
12 X 650 =7800 

9500 

Hence the summation of moments equals zero, and the forces 
acting on the body are in equilibrium. 

It is because it is essential that these relations be mastered 
that they are stated here. They will be referred to frequently 
throughout the work on designing. 

Method of Presentation. Throughout the discussion relating to 
the design of structural steel members, the order of presentation b 

(a) Review of Theory 

(b) Calculation of Loads 

(c) Calculation qf Resistance 

(d) Practical Application 

(e) Details of Construction 

Rmedrhf Theory. Although it has been assumed that the 
student hu had some training in the theory of design, thb subject 
b reviewed. 

CakvIa^Km Loodt. The calculation of loads on ste^ mem- 
bers is usualfy tile most laborienu part of detigning. Thb work has 
to be donein ea^ individual case, as it is not possibb to standuxi* 
}ze the loads 'which'ture applied to structures. Accurate data as to 
the weights' of! the mato^s df oonstmotion whidh must be wsg^ 
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pQorted by the steel framework are not always available; in fact, 
'Uie weights of certain materials, as fumished by different manu> 
facturers, vary consi$lerably. The live, or imposed, loads must 
generally be assumed or approximated from prospective conditions 
of use which may be more or less uncertain. Consequently, thb 
, branch of the study involves not only careful computation, but the 
exercise of judgment. 

Cahulaiion qf Resistance. The calculation of resistance of steel 
members to the loads applied is also a laborious matter when a start 
must be made from the beginning, but the steel construction has 
been so standardized that the number of sizes of material used is 
relatively small. Tables are available, giving the properties and 
resistance factors of these sections, so that it is usually an easy 
matter to design the section required for a given situation after the 
loads have been computed. This statement does not apply very 
generally to built-up sections such as plate girders and columns, as 
these members have been standardized only to a limited extent. 
Consequently, it is necessary for the designer to be able to com put ( 
the resistance of the member, having given only its dimensions and 
the permissible unit loads. Even in the case of I-beams there are 
many cases where the work must go back to the fundamental rela- 
tions; as, for example, in cases where holes are punched in the 
tension flange of a beam at the point of maximum bending moment, 
or where a portion of the flange is cut away 

PracHcal Applicaiion. Numerous examples are worked out to 
illustrate the principles and methods covered by the text, and 
similar problems are submitted fur solution. The examples and 
problems are taken from actual construction work, as it is believed 
that they are more useful and interesting than abstrqgt illustrations. 

Details of Construction. This section of the work explains the 
usual methods used in detailing the connections of steel members 
to each other and is illustrated .by numerous drawings. 

Reference Botdes. Tables giving the properties of steel set> 
tioBS and data giving the strength of steel members are given in the 
handbooks put^shed by the steel manufacturers. These books are 
so convmiiKit for leference mid so easily obtainable that no attempt 
• hrmiwie to lo^eat in this text-the taUes and data given in tfa^, the 
suj^oslrioa being that the reader either has one or wiE provide 
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himst'lf with one of these handbooks. References are repeatedly 
made to the handbooks and, as far as practicable, are made in 
general terms, so that any one of the reference books may be used. 
This is an important point, as these reference books are being revised 
from time to time and the one in use at the present time might 
be supplanted in a year or two by one of another manufacturer 
which is more ui>to-date. Handbooks are published by The Cam- 
bria Steel Company, Johnstown, ^ Pa.; Carnegie Steel Company, 
Pittsburgh, Pa. ; Jones and Laughlins, Pittsburgh, Pa.; and Bethle- 
hem Steel Company, South Bethlehem, Pa. 

In addition to the handbooks there are a number of other 
reference books available for special purposes that can be purchased 
through the book stores. They are not essential for this study, but 
are of considerable use to designers. They will be referred to in 
the text in connection with the special features to which they relate. 

Tables. The tables given in reference books are generally 
reliable; nevertheless, errors do occur in them and it is prudent to 
check tHem with the formulas sufficiently to make sure that they 
are computed on a correct basis, or that the user understands the 
basis (m which they are computed. As an illustration of the latter 
point, attention is called to the faH that some tables of strength 
are stated in tons and others in thousands of pounds. Of course the 
heading of the table should show this, but special care should be 
taken to make sure which is used, A designer may be using a table 
for beams given in tons and a table for columns given in thousands of 
pounds, in which case it would be very easy to get columns designed 
only half strong enough or beams with twice the necessary strength. 
Similarly, there is a chance for confusion between moments expressed 
in foot-poundf and moments expressed in inch-pounds. Also there 
is a chance for error in using the weight per lineal foot of a section 
when it iS^ intended to use the cross-sectional area, or nice versa* 

This matter is given further consideration later. 

*■ 

pBoatiku 

' Befer to the handbook and [make a list of all the tables therdn in 
wilidi the strength is given in toh^ and another list in which the strength is 
given ia pounds or thousands of pounds. 

If the HandbbU^ has beecgip^l edited, all tables will have the 
same basis. Makeacareful seardb of the book to ascertain ddinitdly 

tin. * 
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its make-up in this relation. When there is ocH^asion to use a 
different handbook, investigate immediately in the same manner. 

pBOBUElf 

Refer to the handbook for all references and tables relathiR to moments. 
Make a list of all oases where moments are expressed in foqt-iwunds and another 
. list of cases where they are expressed in inch-pounds.^ 

Note that moments of inertia are always expressed in inches, 
so that in all cases w here the iTUjmeais of hiertia of sections are used 
in computations, the bending moment must be expressed in inch- 
pounds. On the other hand, the resisting moments of beams are 
usually given in foot-pounds, and the bending moments must be 
computed in the same units. 

Problem 

Select at random from the handbook twenty or more different sizes of 
angles, I-beams, p1ate&, etc., and set dowm in parallel columns the area in square 
inches and the weight per lineal foot of each item. 

Note that in each case the weight is 3.4 times the area. That 
is, a piece of steel having a cross-sectional area of one squall inch 
w'eighs 3,4 pounds per lineal foot. 

Problem 

What is the weight of one cubic foot of steel? Of one cubic inch of steel? 

Factor of Safety, Older works and specifications dealing with 
steel construction frequently use the expression ''factor of safety,” 
It is used to express the ratio of the ultimate st length of the material 
to the safe working strength. In steel construction, this ratio is 
commonly stated to be 4, being based on the ultimate strength of 
64, (KX) pounds per square inch and a» working strength of 1G,(XX) 
pounds per square inch. This expression is a misnomer and its use 
is to be discouraged, because it gives a wrong understanding of the 
facts and leads to an unw^arranted sense of security. Later on in 
this treatise it is showm that the actual strength of steel work under 
loads continuously applied is only about one-half of the ultimate 
strength of the material, so that the real factor of safety is 2 >i^here 
the nconinal factor of safety is 4. 

Pt^her this expression has been used unscrupulously in argu-* 
ments with owners to persuade them to use lighter steel work than 
standard practice permits; and, on the other hand, it has been used 
Tby. the ownera tliemselves without realizing the true maftiiing of 
the expression, an attempt to reduce cost. 
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This expression is quite certain to come up from time to time 
in discussions with laymen and in such cases the distinction between 
the actual and the nominal factors of safety must be made clear. 

Procedure in Furnishing Structural Steel. There are three 
steps in furnishing structural steel: first, the rolling of the plain 
material; serond, the ftbrication of the plain material into the con- 
ditions required for use; and third, the erection of the material in the 
structure. 

The work of the rolling mill consists in rolling the steel sec- 
tions of the sizes and lengths as required by the order. The 
work of the fabricating shop is to do the punching, cutting, assem- 
bling, riveting, and painting of the material as required for use in the 
structure. The work of the erector is to place the pieces in position 
in the structure and bolt or rivet them together. Some concerns 
perform all three of these steps; many perform only the second and 
third; and in still other cases the second and third steps may be 
performed by separate organizations. The owner may deal with a 
general contractor who undertakes to secure the performance of all 
three steps; or he may deal separately with a fabricating company 
and with an erection company. The former undertakes to deliver the 
fabricated material ready for erection, purchasing the material from 
the rolling mills. It is only in very rare instances that separate con- 
tracts are made for furnishing the plain material and for fabricating. 

The design of the structural steel work is usually made by an 
architect, or by an engineer co-operating with the architect. The 
design drawings should show all the necessary dimensions of the 
structure, sizes of members, loads on the individual members, and 
details of connections .other than those considered as standard. 
These drawings show the members assembled in their proper rela- 
tions to other. They must idsq show any connections requked 
for attadiing or supporting other construction materials. 

' A- part of the work of fabricating, working drawings must ^ 
prepared hy the engineering department of the fabricating eom- 
pany, or by other engineera.«mpIoyed by it. These working draw- 
ings, or )^op details, divide Ihe wcH’k into individual members, and 
a complete drawing is df each membm*,, showing all dmaen-^ 
riems, the po^tbh ^ rivets, nitihe exact loeation of the op^ lades* 
feq|ii|red fef^ccmiiectMp^ irjith olhde iiMnab«rs of |&e«tnietwe. 
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STRUCTURAL STEEL 

2VIETHODS OF MANUFACTURE 

The procedure In the manufacture of structural steel sections 
from iron ore consists of the following operations: (1) smelting the 
' iron ore and produdng pig iron; (2) conveHHing tlie pig iron into 
steel ingots; and (3) rolling the ingots into steel sections. 

Iron Ore to Pig Iron. Iron ore is a chemical combination of 
• iron and oxygen. It exists in several forms. Pure ore has a maxi- 
mum of about 70 per cent of iron. The ores as mined are mixed 
with various substances, chiefly water, silica, and limestone, with 
small quantities of phosphorus, sulphur, titanium, manganese, etc., 
so that nommercial ore contains only 50 per cent of iron, or even 
less. 

Process of Smelling. The purpose of smelting the ore is to 
break down the chemical combination of iron and oxygen, and to 
eliminate the greater part of the impurities from the resulting 
metallic iron. This is accomplished by melting the ore in a bla.'-t 
furnace. The heat for melting the ore is supplied by coke, and 
the melting point is brought to a lower temperature than otherwise 
would be required by mixing limestone with the ore. As the con- 
tents of the furnace melt, they drip down to the bottom where the 
molten iron separates from the molten slag by gravity, the iron, 
being heavier, settling to the bottom. 

A section of a blast furnace and skip hoist is shown in Fig. 2. 
The skip or car at the bottom of the machine h loaded |with ore, 
limestone, and cdke from the bins; it is then hauled up the incline 
where the material is charged into the blast furnace. Fig. 3 shows 
• a section through the bottom part of the furnace, which represents 
graphically the melting charge and the accumulation of iron 
and slag in separate layers at the bottom of the furnace. The blast * 
of lur required for burning the coke is admitted through the open- 
ings, called "tuyeres,’^ near the bottom of the furnace. 

The (^Iteration of the blast furnace is continuous from the time 
it is fired untii it is shut down for repmrs, or for other reasons. As 
tiie metal and slag accumulate at the bottom,’ they are drawn oS, 
*the metidlntD molds to form pigs. Fig. 4, and the slag to ^ dump. 
Jdoto maihariidiia lulded at tim top (d the furnace as the cimtmti melt. 
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Pig Iron. The pig iron resulting from this operation contains 
3 or 4 per cent of carbon ; a small amount of sulphur which has been 
absorbed from the coke; about 4 per cent of silicon; and smaller 
quantities of manganese and phosphorus which remain from the ore. 



Fig. 3. CitMB SMtioft of Tiaramo^ and Skip Hoist 
From StousbtoD*# l^jMetalhirgy of Iron iuid Stoe]“ 
CowriMv Company 


Tlie iroia may "pot be casypjto pigs but may be mamtained in, 
a molten condition ready for llte next operation* if the Bessemer 
pirooess is In dds case it is poured into a large vessdi calkd 
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a '^mixer,” Fig. 5, which may bold as much as 50U tons. Heat can 
be appUed to it if needed. 

Pig Iroi| to Steel. The change from pig iron to steel consists 
of the redudion of the carbon to about 0.2 per cent and the elimiua- 



From Stooghton’fi **MotalkinK.V of Iron atid Stcwl" 
Couriest/ MeGmw*fIiU Companu 


tion of impurities as fully as possible. There arc two processes of 
doing this^the Bessemer and the Open liekrth. lliey are described 
in **Metidlur|^’ctf Hon and Steel”* as follQw.s: 

SamahtoB. Co^iyttlbt I9U. MeQtsw-BBI PubUiiuna Cvaipaiiy. 
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Fig.4. VigBedB 

From Stotti^ion'B **M«t«l!nrg]r of Iron mud 8tMF! 
CotirfMV, MeChaw^HiU PMtkUkg Comptui^ 
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**SeHtm*r Process.. In the Bessemer process, perhaps 10 tons of 
melted pi|: iron &re poured into a hoUow pear>shaped converter, 
5 6 and 7, lined with ^dous medial. Through the molten 



Fig 5. 8eoticm Through s Mixer 
From Btougfaton^e *'MeiallurKy of Iron and Steer’ 
Couri$ay, McGraw~HtU PvbliHhxng Company 


material is then forced 25,000 cubic feet of cold air per minute. In 
about four minutes the silicon and mant'anese are all oxidized by 
the oxygen of the ag and have formed u slag. ^ The carbon then 
begins to oxidize to carbon monoxide, CO, and this boils up through 
the metal and pours out of the mouth of the vessel in a long brilliant 
flsme, Fig. 8. After another six ^minutes, the flame shortens or 
‘drq?s’; the operator now knows that the carbon has been elimina^ 
to the lowest .practicable limit, .say 0.04 per cent, and the operation 
is stopped- & great has been the heat evolved by the oxidation of 
the impurities that the temperature is now higher than it was at 


the start, and we have a white-hot 
liquid mass of relativdy pure metal. 

To this is added a carefully calculated 
amoimt of carbon to produce the de- 
sired degree of strmigth or hardness, 
or both; also about 1.5, per cent of 
manganese and 0.2 per cent of silicon. 

The maaganese is added to remove 

ftom. the bath ^ oxygmi with which tig. s. FuworOMvwtw 

it has bacome enlarged during the opo- 
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ration and which would render the steel unfit for use. The silicon 
is added to get rid of the gases which are contained in the bath. 
After adding these material# or “recarburizing’' as it is called, the 
metal is poured into ingots which are allow'ed to solidify, and then 
rolled, while hot, into the desired sizes and forms. The character- 
istics of the Bessemer process are: (a) great rapidity of purification, 
say ten minutes jkt “heat”; (b) no extraneous fuel is used; and 



Fi« 7 Section Through Besaemer Onvorter W'hile Blovimg 
From Stoughton's “MntaUurgy Stpcl” 

Courtesy McCiraw-ffiU Pvitiahiug Company 


(c) 'the metal is not melted in the furnace where the purification 
takes place. . 

^'Acid Opefir- Hearth Process. The acid open-hearth furnace is 
heated by burnipg wdthin it gas and air, each of which has been 
highly preheated before it enters the combustion chamber. A sec- 
tion of the fuinace is vshowm in 9. The metal lies in a shallow 
pool on the long hearth/^ com^^Sied of sflicious* ‘material, -anil is 
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heated by radiation from the intense flame produced as descTibeti 
The impurities are oxidized by an excess of oxj gen in the furnace 
gases over that necessary to barn the oas. This action is so slow, 
however, tlmt the 3 to 4 per cent of carbon in the pig iron takes a 


Fig R. A Be-tftoiDor Blow 
From Stoughton '« '‘MKullurgy of Iron anti Stfol" 

('ourietty Mr(hnw~Ilill Puhhahtnff (\tniftnny 

long tipae for combustion* The ojxTation is therefore hastened 
two ways: (a) iron ore is added to the bath, and {b) the carbon 
dUute<yi»rfiddi qgilf»mM» steel scrap. The sted 


,3 .a 
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scrap is added to the furnace charge at the beginning of the process, 
and it takes from 6 to 10 hours to purify a charge, <after whieh 
we recarburize and cast the metal into ingots. The diaracteristics 
of the open-hearth process are: (a) long time occupied in purifica- 
tion; (b) large charges treated in the furAace (modem practice is 
usuaJly 30 to 70 tons to a furnace); (c> at least part of the charge 
melted in the purification furnace; and (d) furnace heated with 
preheated gas and air. Fig. 10. 

"Basic O'Pen- Hearth Process. The basic open-hearth operation 
is similar to the acid open-hearth process, with the difference that we 



Fig 0. Beetlon of Regenerative Qpep-Heartb FuraAoe 

From Sionghion^e '‘Metallurgy of Iron and Steel** 

^ Court€8V McGrauhS%U PuMirAing Ccmjtanv 

IT 

add to the bath a sufficient amount of lime to form a v^ry basic 
slag. TUs slag will dissolve all the phosphorus that is oxidized, 
which an dag will not do. We can ox^ze the phosphorus in 
«ny of these processes, but in the acid Bessemer and the acid open- 
hearth furnaces the highly silidipus slag rejects the phosphorus, and 
is immediately demddized again and i|iums to the iron. The 
d^racteristics of the basic open-hearth process are the same as 
those of the add open-hearth witiTithe adiditioxi.of: (e) lime added to 
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produce a baMC slag; (f) hearth lined with basic, instead of silicious, 
material, in order that it may not be eaten away by this slag;%nd 
(g) impure iron and scrap may be used, because phosphbrus, and, 
to a limited extent, sulphur can be removed in the operation/’ 

Rolling the Ingots. The steel in the ingot is in its final condi- 
tion as to chemical composition. Figs. 11 and 12, and must now bp 



Fig 11. Steel Ingots located in the Moldn and Keetiog on Car 
From StoUghlon'H Metallurgy of Iron nnd Steel 
Courtesy At cOraw-Uxll Publishing CornjHiny 


worked iato the shapt's required for structural uses. This is done 
by passing the steel between rolls. 

Rolls are used in pairs, called a ^‘two-high mill”, as shown in 
Fig. 13, or in sets of three, called a ^*three-high mill”, as ts^own in 
Fig. 14. As the piece goes through the same mill several times, the 
two-high mill ^ust be reversed for each pass or else the piece must 
be taken over or aroimd the mill between the successive passes. 
These disadvanta^s are elinlfhated by ^le use of the three*high 
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mill, ip which the rolls rotate continuously and work is done on the 
piece as it passes back and forth. 

Blooming. Before going to 
the rolls, the ingot is placed in a 
furnace, called the ^"soaking pit", 
in which it is heated to a high 
temperature. In passijig between 
the ndls, Fig. Vi, a heavy pres- 
sure is exerted on the ine)tai, 
which reduces it in thickness, in- 
creases it ill w’idth to some ex- 
tent, and extends it greatly in 
length. If the material is des- 
tined to be made into plates, it 
is rolled into a slab in the first 
set of rolls; if it is for structural 
shapes, the ingot will be turned 
alternately from side to edge in 
passing through the rolls so thaj, 
it will be kept approximately square in section until it is reduced 
to the propKT size for beginning to form tlie shape. At this stage 



* Rougkiiig and Finishing Rolls. The next step is to pass the 
steel through the roughing rolls. These rolls are grooved in such 
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Fig. 15, “Two-High*' Blooming Rolls 
Ccuriuy jSsaman, Bluih Company 


a way that the successive passes gradually develop the metal toward 
the required shape. Finally it goes through the finishing rolls 
which bring the section to the required shape and size. This process 
is clearly illustrated by Figs. *16, 17, 18, 19, and 20. 
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mg. IS. ••Xhrte-High" EquRl Aagto Boughing Rolli 
Cvmmy SMiman, SMh ComiMMg 

n 



22 


STEEL CONSTRUCTION 


V' l /\ 




/N 


l"ig 19 “TUri*e-High’' Equal Angle P'liUBhiug Rolls 
CourU'fty Seaman, SkHh Company 

Plate Rolls. A three-higli set of plate rolls is shown in Fig. 
21. There is nothing to control the width of the plates, therefore 
the edges of plates rolled in this mill will be uneven and must be 
sheared to the correct width after the rolling is completed. Such 
plates are known as “sheared plates.” 

Vertical rolls can be placed in front of the horizontal rolls to 


^1 


^ 
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Fig, 20. ^'Tbree-High*' Z-Bat Bolb 
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control the width, as shown in the left-hand view, Fifi;. 22. Siuh a 
mill is called a “Universal Mill” and the plates produml by it are 



Fi* 21 “Throe-Hush" ChiU 

Courfetty Senman, Sleetfi Company 

called “Universal ^lill plates/’ or edged plates. Fig. 22 is a special 
form known as the Grey mill and is used by the ]iethl(‘hem St< el 
Company for making I-beams and coluinn sections. Fig. 2o is a 
3-high Universal Mill manufactured by the United Engineering and 
Foundry Company, Pittsburgh. 



Fig 22 l>Qivdrsal Mill for HoIIiuk Bcthhdirro Bfimm 


STEEL SECTIONS— ADAPTABILITY AND USE 

Classification of Sections. Structural steel menil)ers arc gener- 
ally designated J)y the shapes of their cross sections. Thus a member 
whose cross section has the shape of a capital letter 1 is called an 
I-beam. The other important sections are channels, angles, zees. 


83 








STEEL CONSTRUCTION 


25 


tees, luad H-sections, whose idiapes B$e indicated by the names. 
Round and square members are called ^'rodvs’* and ‘"bars”. Flat 
members six inches wide and less are usually designated as ^^bars’’ 
or ^'flats’’. Flat members wider than six inches are designated as 
‘^plates”. Structural sections are frequently designated as “plates” 
‘and “shapes”. In general, the structural shapes are standard. 

Standard Sections. The shapes in common use conform to the 
standards of the Association of American Steel Manufacturers. 
These standard shapes as made by the various manufacturers are 
identical in dimensions and weights; therefore, in designing it is 
♦only necessary to specify the sections and not the name of the 
manufacturer. 

Special Sections. In addition to the standard sections, most 
manufacturers make some special sections. Some of these ar^ now 
so common that they are as available as standard sections, but 
generally it is advisable for the designer to give the name of the manu- 
facturer in specifying them. The handbooks indicate which sections 
are standard and which are special.* The designer should gencridiy 
use only standard sections. This matter 
is given full consideration elsewhere in 
this text. Use the handbook for con- 
stant reference in the following discussion 
of the sections. 

I-Beams. Standard Sections. An 
, I -beam, Fig. 24, is designated by the 
depth and the weight per lineal foot, thus: 



12* I 31 Fig 24 I^tailR of StADdanl 

I-Bcttiu Stiotion 

The standard depths are 3, 4, 5, 6, 7, 8, 

*9, 10, 12, 16, 18, 20, and 24 inches, respectively. For each depth 
there are several standard weights. Most of the mills also make 
some special weights, viz: 

12" deep weighing 40 to 55# 

16' deep weighing 60 to 80# 

15' deep weijdiing 80 to 100# 

• 20' deep weighing 80 to 100# 


190a AdStiott of jLhe **Cttfii 0 gie Handbook" tued the term tiandlard in reiotioli to beonui 
and ohwmeie to^pply’ to Uie muriinmn weight of eaob nee. It w preferable to the um of 
teno to the eectlooe odopted by the Anaoeiatiofi of Amerioan Steel MioHiloehlMniiik 
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Carnegie Sectwns. Th% Carnegie Steel Company rolls some 
additional sizes of special beams which are similar to the standard 
beams, as follows: 

24" deep weighing 105 to 115 
18" deep weighing 75 to 1(X)# 

It also rolls si^ecial sizes of certain depths which are lighter than the 
minimum weight standard beams. They are as follows: 

♦10" I 22# IS" I 4(5# 

12" I 27i# 2J" I 57 J# 

15" I 3()# 24" I mi# 

27" I 83# 

A distinctive feature of these beams is that the fillets connecting 
flange to web form a compound curve instead of a simple curve as 
in the standard beams. 

Bethlehem Seeimuf. The Bethlehem Steel Companyt makes a 
series of special I-beams ranging in depth from 8 to 30 inches. 

The minimum weights of these beams are about 
10 per cent less than the minimum weights of 
the corresponding standard beams. The section 
is so designed that the theoretical strength of 
the minimum section is about the same as that 
of the standard sc‘ction. This is accomplished 
by putting less metal in the web and more in 
the flanges. Fig. 25 gives the dimensions of 
the Bethlehem 15" I 38#. Comparison with 
corresponding standard beam shows: 

15" I 38# 15" I 42# 

Wi^b thickness .29" .41" 

nuige width 5.50" 

Moment of inertia 442 60 441 80 

The Bethlehem Company also makes a series of girder beams 
ranging in depth from 8^to 30 inches. These beams are much 

"Apply to office of the Caniegio BKwI Con4)^y or the lUtnole Steel Company, 

for a Circular ipvitts the propertiee of Ihene beama, or see **Pooket Companion,*’ Carnegie Steel 
Cbmpany. IfllS. . 

t Complete data ate given in the ConuMny 'e handbook. 

36 




STEEL CONSTRITCTION 


27 


hea\'ier than either the standard beams or the Bethlehem special 
lieams and the flanges are also mu^ wider. Fig. 20 gives the 
dimensions of the Bethlehem girder 

Effici^jcy of Minimum Srctiofm. Note in the handbook that 
the weights of beams of a given depth 
are grouped. The beams in a group , 
are rolled with the same rolls, the min- 
imum section being protliu‘ed when the 
rolls are set close together, and the 
lieavier sections being made by spread- Iq 
iiig the rolls. In this change the depth 
remains constant, while the w’cb is thick- 
ened and the flanges widened. In Fig. 

27, the shailed portion represents the QWer 

minimum section, and the unshaded portion represents the metal 
adder! to produce the heavier section. From this it is clear that most 
of the added metal is in the web, and is not placed to siu’h good advan- 
tage as the metal in the minimum section. The increased strengtli 
is not nearly so groat as the increased weight. For example, 
compare 15*' I 42# with If/ I GO# of the same group. The increase 

in weight is 1<S pounds, or -- = 45%. The increase in strength 




oiWMinK Hc^riioo 
oi I-Bmiab 


as indicated by the eharu* in the moment of iner- 
tia from 441.8 to 53S js 9G.S, or = 

Thus t appears that the minimum weight of each 
group is the most efficient. As a rnuisequeuee the 
range in weight from a given set of rolls is limiterl to 
about 20 pounds. When a greater range is rec^uired 
for a given depth of la'am, more than one sr*t of 
rolls is used. Now compare the standard 15" I GO# 
and the special 15" I ♦iO#. Their respective mo- 
ments of inertia are 538. G and 009 0. The differ- 


ence is 70.4, or ^^='13%- This illustrates the advantage of 
538.6 

having the additional set of rolls. More than one set of rolls 
4s provided for 12-inch, 16-inch, 18-inch, 20-inch and 24-inch 
beams. 
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Pbobleu 

Make full-size drawings otPtrai*ing paper of the following sections: 


Standard 

15' 

I 42# 

tSfaiidard 

15' 

I 55# 

Special 

15' 

I 60# 

Special 

16' 

I 80# 

Special 

16' 

I 100# 

Carnegie 

16' 

I 86# 

Bethlehem 

15' 

I 38# 

Bethlehem 

15' 

aB 73# 


Superimpose these tracings and note the difference in thickness of web, width of 
flange, and shape of fillets. 


rLAtiGC 




Charactervtiics and Uses. An inspection of an I -'boatn section 
shows it is much stiffer in one direction than i n the other. The section 
is designed to resist bending in one direction only, i. e,, in the plane 
of the web of the beam. The I-boam is used almost exclusively for 
this purpose, though to a limited extent it is 
used in built-up columns. When used in a 
column, it is economical only w^hen com- 
bined with other sections to give stiffness in 
both directions. It is sometimes used alone 
as a column when the limitations of space 
offset the lack of economy in weight. 

Beams less than 6 inches deep are not 
often used in the framework for buildings. 
On many jobs the minimum is 8 inches. 

Channels. Standard and Special Sections. A channel, Fig. 28, 
is designates! by the depth and the weight per lineal foot, thus: 



Fig 28. 


DptaiU of Channel 
Sootiun 


15' C33# . 


The standard depths are 3, 4, 5, 6, 7, 8, 9, 10, 12, and 15 inches,^ 
respectively. For each depth there are several weights. A number 
of special ^es and weights are made but they are not much used 
for structural purposes. The Cambria Steel Company makes a 
group ci channels 18 inches deep, weighing from 45 to 60 pounds. 

The it^dghts of channels are increased in the same manner as 
the weights of beams. Fig. ^,.and the comments regarding beams 
in this respect Ripply to them; 

CharacterisHe»^ and Uses. Cfaannds, like beams, are much 
longer in one direction than jirthe other. Thb makes theia suit- 


» 
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aUe for use as beams when the loads are applied in the plane of the 
web. However, they are not so economical as l>beams and require 
more lateral support to keep them from buckling. 

Hence, they are not usejJ for this purpose except 
when there is some condition which make# them 
specially suitable. This occurs around wellholes in 
floors, agmnst walls, where nailing strips are to be 
bolted on, in wall spandrels or lintels, etc. 

The most important use of channels is in the 
construction of columns and truss members. For 
this purpose they are used in pairs connected to- 
gether with lacing, tie plate.s, or cover plates. They 
are also used to some extent for girder flanges and 
for many miscellaneous purposes. 

Angles. Statidard and Special Scctums. There 
are two styles of angles: angles with equal legs and angles with 
unequal legs, Fig. 30. An angle is designated by the lengths of the 
legs and the thickness or the weight per lineal foot, thus: 

L 4' X 4' X r 

or L4' X 4" X 15.7# 

L 6' X sr X r 

or L6' X 3r X 11.7/1 



Fin. 29. Show- 
ing MAthtMl l)f 
IiiotraMhiit Ktp- 
tion ctf Chan* 
neln 


The standard sizes of angles with equal legs are 1}, 2, 2^, 3, 3h 
4, 6, and 8 inches, respectively. There are a number of special sizes, 
the most important of which is 5 inches. The l^-inch angle is 
seldom used in structural work. 

, The standard sizes of 
angles with unequal legs 
are 2Y X 2', 3' X 2^, 3J' 

X2i', Si'XS', 4'X3', 

5'X3',5'X3i', 6'X3i', 

6' X 4'. The important 
'spedal sizes usually obtain- 
able are 3* X 2^, 7' X 31', 8' X 6'. 

* Each nze of angle b famished in several thicknesses varying 
by lodi. Althoqgh some of the smaller sizes of angles are made 
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in less thic-kness than J inch, this is the minimum that should be 
used for structural pijrposes. On important work the minimum 
should he I inch. Tlie minimum and maximum thickness for the 
several sizes are given in the handbook ai^I need not he repeated here. 

Angles are incr<*ased from the minimum thickness by spreading 
the rolls. In Fig, 31 the minimum thickness is shaded and the 
added metal unshaded. As the thickness is increased, a correspond- 
ing amount is added to the length of each leg. In 
^ the case of larger sizes, some mills use two sets of 

j rolls, as has been described for I-lx?ams. This 

^ additional length of the legs of angles must be 

taken into account in allowing for clearance. The 


Mntiiod of JiicnuiH- 
iiifr S<‘( turn lit An- 


actual length of legs for any angle is easily com- 
puted, thus: L 3" X 3^' X I*'; minimum thickness 
for this size J", incTcase over minimum length 


of leg + 


3ff 

h 


3 


ft • 


Phobi.!- M 

(’onipiiie the actual lotiRths of logs for tho rua\iinum thickness of all the 
stiuidarcl and spocisxl angles listed tn tho handbwk A‘>sunic a second set of rolls 
18 usi'd on tho tollowing 4*'X4''XJ"', ^3l''X3J''X Tj 

yxsyxi"; r/x:rxr; 4*'x3rxr, 4''x;rxr; ft'x^rxA"; 

(PX4''xA", r/x.rxAL (Pxr/xir, t'^x^^xT; s'^xo'xr; 
s'xH'^xr. 

Rocoid the rnsults in the lmndbi>ok m tho tables of ^‘Properties." 

The results in the above problem may not agree with the sizes 
of angles furnished by the various mills but wdll be sufficiently exact 
for tlu' uses of the designer. 

Characteristics and Uses, Angles are the most adaptable of the 
structural sections. They are used with 
plates or other shapes in built-up mem- 
bers, such as colujtms, plate girders, etc.; 
for connecting members together, as beams 
and girders to columns; as beams for 
special conditions of loading, as lintels; ^ ^ imaiIu of Zae B m 
singly dr-in pairs as struts; singly or in pairs as tension members. 

Zee$« Standard Seciums. A Zee, Fig. 32, is designated by its 
nominal depth and thickness" thus: 

zrxr 

The sizes listed by the Carifiegie Steel Company are 3, 4, 5, and 6 
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iadies, respectively. The tliicknesses varj' by V« i»ch. The raini- 
mum and maximum thicknesses are: 


for 3' 2. TandiV 
for 4' Z, J'and f' 
for Z, I'n' and } H*' 
forG* Z, f and J' 


Zees are increased in thickness by bpreadinj; the rolls. In Fi(?. 33 
the shaded portion indicates the ininimuiu section, and the unshaded 




Fik Showing 
Mol hod of In* 
cioafilng Soctiou*- 
of 


part the additional section. The thickness of its 
web^and flanges are increased equally, and thereby 
the depth of web and width of flange are increased 
by the same amount. Three sets of rolls are used 
for each depth, so tliat the overrun is ni inch for 
3-ind|| zees aiul J inch for larger sizes. 

IVv?. Zee bars have been used extensively for (columns, but 
they are rapidly be(*oming obsolete and should not be used unless 
there is some special reason for so doing. 

Tees. Standard Sections, A Tee, f'ig. 31, is designated by the 
width of flange, length of stem, and weight per lineal foot, thus: 

* Trx 3"X9.3# T3" X 4"X9 3# 


always giving the width of flange first 

Some recent handbooks do not list tees, ^he sizes that have 
been available range from 1*^ X I"" X to 5" X S'' X 13.0^ with 
more tfian 50 intermediates. These are listed and their properties 
given in the Carnegie Steel Company’s Vl^>cket (’oinpanion’', 1913 
edition. 

Chorarteristics and Uses.^ Af> IndicatfMl above tees are going 
(tilt of use, and as the demand decTeases they will bectune more 



Fig 31 Tjpiral Tre Hi'f’iion'i 


difBcult to obtain. The section is not an economical one for the 
common uses of structural steel. * It is not efficient as a beam or 
as a strut, and is not suited for use in built-up sections. 
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It is well adapted for supporting book tile in oeQing and roof 
construction, Fig. 35. In cases where the T-secti(nx is needed to 




Fig. 35. Seotion Showing Tee« Supporting Book Tile 


meet any special condition it can be made up of two angles placed 
back to back. In this manner a large variety of tees can be made. 

Plates. Standard Sizes. A Plate, Fig. 36, is designated by 
its width and thickness, thus: 

PI. 48" X tV" 

\)r by its width and weight j)er square foot ^ thus: 

PI. 36" X 10.2# 

The former method is used on design drawings for structural steel 
work, and the latter on mill orders and shop details, also on design 
drawings for tank work. 

Plates are made in thicknesses varying by Vir inch from tV inch 
up to 2 inches. Steel plates thinner than inch are called “sheets'^ 
and are not used for structural work. The minimum thickness com- 
monly used is J inch, and on many jobs nothing less than f inch is per- 
mitted. Plates thicker than 1 inch are seldom used on account of 



difficulty in punching. Vi/ben a greater thickness is needed, it is 
made Up of two or more plates. 

^ Styles. " Tliere. arp t^j^^yles of plates: the Universal 
Plate, or ^]E%ed Flate^ andl the Skpixed Plate. 




Iteel construction 


The Universal MUl Hate is rolled to exact width, the width 
being controlled by a pair of vertical rolls as previously described 
and illustrated, Hg. 22. They vary in width by intervals of 1 inch 
from 6 inches to 48 inches. 

Sheared plates, as the name indicates^ are sheared to required 
width after rolling. The stock sizes range in width from 24 inches 
to 132 inches in intervals of 6 inches, but they can be furnished in 
any intermediate w'idth, even in fraftions of an inch. ' 

• The extreme lengths of plates that can be furnished are given 
in the handbooks. This data should be consulted to determine 



Fig 37. Typical II-BctUuna 

whether the required lengths can be obtained In many cases the 
web plates oCtgirders must be spliced on this ac jount. 

Plates alone are not used for structural mcmlwrs. They, are 
used in built-up memb^s, such as columns and girders; for web and 
cover plates; and to connect members together. 

H>Sections. The H-section, Fig. 37, is designated by the name 
of the maker, the depth, and the weight per lineal foot, thus: 

• Carnegie 8' H 

Bethlehem 14* H 98.8^ 

The H-section is not standard. At this time it is made only by the 
Camei^e SteeL Company and the Bethlehem Steel Company. The 
Carnegie H’s* are 

. 8' H 34.0# S'HIS?# 

6' H 23.8# 4' H 13.G# 

; There is but one weight for each size. 

to tb» of the Cftroegi^ Bt«ei Comiwny, or Uiir UHiuii* 

Urn eiimtlv givinc or eoe Gerneiio fitoel ComtNUDy*! Focheo Cooiputkm* 1919 (WWioo, 
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The nominal sizes of the Bethlehem H>sections are 8, 9, 10, 11, 
12, 13, and 14 inches, respectively. The actual sizes range from 
71 inches to IGf inches in intervals of J inch. The extreme weights 
are .‘14.6 pounds and 291.2 pounds per lineal foot. 

The H-sections are designed for use as columns and struts. 
They are not intended to be used in built-up members, except a 
special section which is designed to be increased by adding flange 
plates. • 



(.a) (b) (p) (ji) 



(A) (J} 


KiH Mi«c<>llaDeous Special Sections * 

Miscellaneous Sections. In addition to the regular structural 
sections just descrilied there are a numl>er of special sections. Fig. 
.‘18, witli^which the designer sliould be familiar, viz: 

(a) Railroad Bails (e) Steel Sheet Piling 

(b) Wide-Flanged Channels (f) Steel Railroad Ties 

(c) Biilb Beams (g) Square Root Angles 

(d) Bulb Angles (h) Hand Rail Tees 

(i) Clu^ered Floor I^ates * 

These sections aqs not often u^ in steel construction for buildings, 
but occa-sionally omiditioins halve to be met to which some them . 
are specially suited. 
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PROPERTIES OF SECTIONS 



Under the heading '^Properties of Sections” the handbooks give 
tables of the numerical values of the various functions of the sec- 
tions. Referring to these tables, certain items need no explanation, 
viz: dimensions; thickness of metal; area; weight per lineal foot. 
Other items are not self-evident and will be explained in detail. 

Center of Gravity See "Strength of Materials” for 

definition. The I-l>eam, H-sw*tion. and Z, Fig. 39, being symmetrical 




30 IxMation of of Gravity of Pk-rtionn ^ alui*n of r, t', aiul x" to fiikm from 

Tabloii 111 llandbrMik 


about both axes, the center of gravity is in the center of the web 
^nd no values are given in the handbook tables. The C-section, 
Fig. 39, is syhimetrical only almut the axis which is peqx^ridicular 
to the web; tjie center of gravity must, therefore, lie on this axis. 
The table gives the distance of the center of gravity from the back 
of the channel. 

Angles not being symmetrical about either axis, the center 
gravity must be located by dimensions from the backs of both 
If the l^s are ^ual, both dimensions are the same; if the legs flip 
unequal, the dimensions are unequal, tbo distance from the diort 
leg being greater than that from the feng leg x. Fig. 39. 


45 
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The position of the center of gravity must be known in order 
to compute the moment of inerUa of the section and the momnits 
of inertia of built-up members. The former values are given in 
the tables; the latter must usually be computed by the designer. 

lUustratvee Example. Compute the position of the center of 
gravity of L4*'X4*' X i". disregarding fillets and rounded comers, 
Fig. 40. Divide the angle into two rectangles (1) and (2) as shown. 
Their centers of gravity are at c, and c,. 

Area of (1) 4 ' X V 2.00 sq. in. 

Area of (2) Si* X i' 1.75 sq. in. 

Total area 3.75 sq. in. 


Moments about o' o' for (1) =• 2.00 X i = 0.50 
Moments about o' o' for (2) = 1.75 X 2i = 3.94 
Total moment 4.44 

4 44 

Distance x 1.18' 

3.76 


Similar computations apply about 
the axis b'b' and give the same result. 

Pboblem 

Compute the position of the center of 
gravity of the following: 

L5'X3'xr* 

15' L 33# 

Moment of Inertia (!)• Refer 
to “Strength of Materials” for defi- 
nition and method of computing 
moment of inertia. Moment of 
inertia is designated by the letter 
/. When a subscript b added 
it indicates which axb is used. Thus la means the moment of 
inertia |d>out tiie axis a. Note that thb symbol is the same as is 
used tct the beam. Care must be taken to avoid confusion. The 
mean^g can be determined in each case by the context. The 
tables in tlM handbook give the value of I about both of the rec* 
tanguW axes of the seqti^ and, in the case of *angles, about a 
diagonal axb also. The position of thb diagonal axb b so diosen 



a' 


Di»gminJ9howin^ Computation 


40 . . 

of Position of Center 
of Angle 
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as to pv0 the minium tn value of 1. For I-beams and channels the 
minimum value IS about the axis parallel to the web. 

The moment of inertia enters into the formulas for bending 
and for deflection. It is also used in computing the radius of* gyra- 
tion of columns. Its values are given in the handbooks for the 
structural shapes and for plates, but it must 
be computed for most built-up sections, espe- 
cially for plate girders. The ftuiors emUring 
into the computaiuyn of the momenta of inertia 
are alrcaya in inches. 

lUvstratite Examples. 1. Compute 7« 
and for the plate shown in Fig. 41. 

X 1 X 1 X 1 = 3 



h “:i%X 1 X8X8X8- 42§ 


Fift 41. DiaRram for Moment 
of Inertia of RuotaDRular 
Plate 


2. Compute la for the plate girder 
section in Fig. 42 made of 1 PI. 42' X i" and 
4Ls 6' X G' X r. 

for 1 PI. 42^ X V fa (from tables) ■= 3087 
for 4 Ls 6' X 6' X J* h (from tables) 

4X19.91 *= 80 

for4 LsG'XG' X P 7.4 X 6.75 X 

19.57 X 19.57 -8809 

11,976 


Beductions for rivet holes at m 
Area of 2 holes —.2 X IP X p — 

2.625 sq. in. 

For 1 hole 7^ - X IP X P X i' 

X I' • .08 

(a value so small that it is 
* n^lected) 

, lar 2.626 X 18.76 X 18.76 - 923 



Tbtal net value 7. - 11.063 


47 
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Pkoblemh 

1 potnputo the values of I for the section in Fig, 43, Deduct rivet 
holes, 'rhe Hoction is iiuwle up of 4 Ls trxi'^X A*' connected with lacing bam 
(lacing not figured) 




2 Compute the values of I for the 
H(‘clion shown in Fig 44. 

1 C 12'X201# 

1 L rx-rxr 

The axoH a a and h h are through the 
center of gravity The section not being 
syminet I ical, the posit ion of the center t>f 
gijivitv must be compiitc<l. 

Radius of Gyration (r). The 

radius of gyration is a value de- 
rived from the moment of inertia, hut as its definition involves higher 
mathematical relations it need not he given here. It Is represented 
by r, and is expressed in inches. 

The radius of gyration is derived from the moment of inertia 
hy dividing by the art*a A in square inches and taking the square 
root of the result. This is expressed by the formulas 



Fm. 43 


DiHKrain for Moment ttf Iiiorfia 
of Foxir Aiiigft ^ 



Fitt 44. Dioffrnm for 
Moniont of Itifrtin of 
C'fiHiiTitS aiuk 


f > / 

r;-.- 

JUitJftratirc Kjrample,s, 1. Referring to Fig. 
il, the value of h = 42j{; and ,.1 =8X1=8 
sq. in. Therefore r- = 42§ -^8 = 5^, or r=V5J 
= 2.3r. 

2. ReftTring to Fig. 42, the value of = 
11,976 (ilisregarding rivet holes). To find the 
radius of gyration 


ll> 1 . 42 'Xi' = 21 sq.in.|^ 

4 U (rxO'Xr ■ 23 sq. in.j ^ 


* LL'5J® = o-9 9 

I* “ 44 — 

r=V272J-*16.5* 

^Rofer to the textbook on Aiidn^netio for method of extracting the nquara root. TMm 
are given in^lie handbooks froih which the values can be taken.* 
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Pkobuemb 

1. Ckimput<) the values of r for the seetions given in Figs. 43 and 44, 

2. Checd^ ihe values given in the handbook for r for a 12* I 31 

ITie radius of gyration is used in the column formula as explained 


later in the text. 

Section Modulus 



In the formula for the resisting mo- 


t . . / . 

ment of sections subjected to lieiiding occurs the expression -- , in 

which / is the moment of inertia and c is the distance from the 


jicutral axis to the extreme fiber of the section. 


has a definite 
c 


\alue for each section, and is callecl the section modulus. It saves 
one operation in arithmetic to have these values given for the various 
sections and they are given in the handbooks. As indicated by the 


fraction - , the value of the Mrtion modulus is determined by divid- 
c 

ing the moment of inertia by the \alue of c. 


lUuMratire Examyhf*, 


1. Compute " for an 8" I IS^ alxmt 


the axis |}erp(jndi<*uhir to the web. 

From the table, I = 50.9. The distance c is half the depth =f d'' 




I 

c 


£^’-« = 14.2 
4 


2. Compute - for a channel 12'^X20.5fjf about the axis par- 
allel to the web. Not being a symmetrical section it has two values* 
From handl)ook, 7=3 91; c— (2.94 — .70) = 2.24, and c = 0.70. 


/ 3.91 ,7 3.91 . 

c 2.24 c O.a) 


PaOBLKK 


Compute the values of - for 


15* I 42# about Jixis parallel to wob * 

9* I 2f # about axis {perpendicular to web 
ISf' I 33# about axis pi^rpondicular to web 
L 3* X3*X J* abiput axis a1 45® to 
L 6' X4* X i* about axis parallel to sluirt leg 


Miscellaneous Properties* Tlie handliooks include in the 
tables values of other properties of sections such as Coefficirat of 
Strength, Coefficient of Deflection, and Resisting Moment. 
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Strictly speaking, these are not properties of the sections, as they 
depend upon the value of the unit stress. They will be discussed 
in the text relating to beams. 

GENERAL INFORMATION 

Price Basis. The designer needs to be posted on the basis of 
prices for structural steel. For a numbei** of years Pittsburgh, 
which has been the recognized center of steel production, has been 
the basing point for steel prices. Given a certain price for steel at 
Pittsburgh, the price at any other point is determined by adding 
to the base price the freight from Pittsburgh. Thus, if the price 
of steel af Pittsburgh is $1.50 per hundred pounds, the price in Chi- 
cago is $1.68 per hundred pounds, the freight rate being (at the time 
of writing) 18 cents per hundred pounds. 

Certain sizes of material are called *'base'' sizes. They are 
usually sold at a uniform price. The base sizes are: I-beams, 3 
inches to 15 inches inclusive; angles, 3 inches to 6 inches inclusive; 
channels, 3 inches to 15 inches inclusive; tees, 3 inches and Over; 
zees, all sizes. I-lxjams over 15 inches, angles over 6 inches, and 
angles and tees under 3 inches are charged for at a higher rate, 
usually. 10 cents per hundred pounds, above base price. Special 
sections and sections rolled exclusively by one manufacturer are 
sold at prices varying from the base price according to market 
conditions. The base price itself varies from time to time, usually 
from $1.25 per hundred pounds to $1.50 per hundred pounds; occa- 
sionally it goes beyond these limits. 

Mill and Stock Orders. Structural steel orders are handled 
on two bases: (a) based on securing the plain material for the job 
from the rolling mills; (b) based on securing it from stock. Of 
course th^ may be a combination of the two. 

The mill basis is clieaper, as it eliminates waste, saves expense 
of handling, saves interest cost on the value of material, and may 
save a profit or premium demanded by the dealer for quick s^ioe. 
Consequently all work is ci^ried out on the mill basis, if the time 
allowed for completion permits it to be done. 

When .^e mfiterial is to be furnished on the null basis, ^ 
engineer who makes the detajiUdfawings or the engineeri^ depart- 
ment of Urn fabricatmg company makes a list cd the individual 
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pieces required. These pieces are then ordered frou the roIUng 
mills, cut to the lengths required (a small variation in length is 
usually allowed; short pieces are usually ordered in multiple lengths). 
Thus there is practically no waste of material. 

Material carried in stock is ordered from the rolling mills in 
lengths as long as can be handled conveniently. The lighter sec- 
tions are ordered in lengths of 30 feet and 36 feet, and the heavier 
sections in lengths of 60 feet. In cutting this stock material there 
is necessarily considerable waste. This stock material is not usu^ly 
available direct from the rolling mills. The dealers in stock are 
usually fabricating companies, jobbers, or brokers. They charge 
an advance in price over the mill price to cover waste, handling, 
cutting, and other expenses incidental to the business, and to cover 
such profit as the market condition may permit. This advance 
in price varies from 10 cents to 50 cents per hundred pounds. 

Stocks of plain material are carried in all the larger cities. 
Printed lists of tlie material on hand arc issued at frequent intervals. 
These lists should be coni^lted and used as a guide in selecting thi 
sections that are to be used in all cases where stock is required. 

Whether mill or stock material will be used depends upon the 
size of the job and the time service required. Small jobs, say less 
than 100 tons, will usually be taken from stock unless only one or 
two sections are required. If delivery of fabricated materia^ is 
required within 60 days, it will usually have to be taken from stock. 
Even for much more extended deliveries, all or part of the material 
must be taken from stock,* if there is a great’demand. 

Variation in Weight. Attention is called to the provision in 
the s^cifications, p. 360, which permits a slight variation in the 
weight of the finished steel as compared with its theoretical weight. 
This variation in the case of sections other than plates is 2.5 per cent 
above or below the theoretical weight. This represents the prac- 
ticable limits in adjusting the rolls of the mill. The variation 
applies to individual pieces and not to a bill of steel as a 
whole; some pieces w^ill be overweight and some underweight, 
so that the average on a bill of considerable size should agree 
very closely with the theoretical weight. In the case of plates, 




to tb* OAarast teler for » oonjr of hm oioek Ikt. Uiwh ia iolvutc tho proUettia Ui 
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a much larger variation is allowed, amounting in some cases to as 
much as 18 per cent. It will be noticed that this variation is greater 
when plates arc ordered to Ikj of a certain gage or thickness than 
it is when they are ordered to be of a certain weight. The reason 
for this is that plates arc slightly thicker in the middle than they 
are along the edges and, therefore, as the thickness must necessarily 
be measured near the edge, there is an excess of metal near the 
middle of the plate w'hich is not counted. This excess is due to the 
springing of the rolls. Plates can be ordered by weight, that is, 
to have a certain weight per square foot of surface, and when so* 
ordered the allowable variation is less because the rolls caO he 
adjusted to give the average .weight. The result is that the fabri- 
cating shop usually orders large plates by weight per square foot. 
In a job involving a large amount of plate work, as for chimneys, 
tanks, etc., this may become a matter of imp(>rtant*e, but for build- 
ing ■work a relatively small number of plates are required and it is 
not (‘iistomary to specify them by weight, but by thickness. 

QUALITY OF MAT&IAL 

Reliability of Structural Steel. Structural steel is the most 
reliable material used in building construction. Its manufacture 
has been a continuous development to the extent that the quality 
of material produced is under almost absolute control. The ingredi- 
ents are tested and measured before being put into the furnace, and 
the product is analyzed and tested physically to make sure that it 
fulfills the required standards; so that, with a reasonable amount of 
inspection and test, the purchaser can have definite assurance that 
he is securing the quality of material which he needs. 

The manufa(*turers and users of structural steel have co-oper- 
ated in developing the material in order to attain the most pra<> 
ticable reytilts. On the one hand, the manufacturers have insisted 
on keeping the quality such as to make its manufacture commercially 
satisfactory. On the other hand, the users of steel have demanded 
the best niaterial that it is possible to make and still keep within 
reasonable limitation of c'ost^of manufacture. 

STANDARD SPECIFICATIONS 

As a result of the efforts of the manufacturers and users> 
Standard Specifications have ‘'Keen formulated covering th# qualitjr 
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of structural sted. There arc three sets of sixjcificatious that may 
saldy be used, viz:’** 

(a) Manufacturers’ Standard Specifications for Structural 
Steel — Class Bf 

(b) Standard Specifications for Structural Steel for BuihU 
ings, adopted by tlie American Society for Testing 
Materials (Given in full p. 359) 

(c) Specifications for Structural Steel, adopted by the 

I American Railway Engineering Association 

Comparison of Specifications. A brief comparison of the pro- 
visions of these three sets of specifications is of interest. 

Range of Applicatum. The spc‘C‘ifi('ations (a) and (b) arc 
intended primarily to apply to steel for building work, whereas (c) 
is for railway bridges. In buildings, the greater i)art of the load to 
be supported is permanent or dead load. The variable or live load 
usually is applied gradually, without shock or vibration. In railway 
bridges the conditions are cpiite different. The j)crmai)ent load f >t 
a short span is the smaller part of its capac^ity. The live load, bt n.g 
much larger than the dead load and being applit‘d quickly, pro(luc‘es 
great shocks and viJ)ration. Because of th(‘se conditions, specifica- 
tion (c) is more rigorous in its requireiiients than are (a) and (b). 

Process of Manufadtire, Specification (v) reejuires the open- 
hearth process of manufacture; (a) and (o) p<Tmit either open- 
hearth or Bessemer. 

Chemical Analysis. Specification (c) requires the chemic^al 
analysis to report the percentages cjf sulphur, phosphorus, carbon, 
mid manganese, and limits the amount of sulphur; Taj and (b) limit 
*the phosphorus. 

Tensile Strength. Specification (c) placrs the dc^sired ultimate 
tensile strength of steel sections at G(),(K)() pounds jxir square inch, 
allowing a variation of 4000 pounds, thus making the range of 
strength 60,000 to 64,000 pounds; (b) allows a range from 55,000 
to 65,000 pounds; (a) allows the same range as (b) and in addition 

• (tk) Publiihod in the handbookji imued by thf* Sfcerl Manufne rurerK, 0») PuWUilied by 
Anwrixaui Society for Testinjc Mabiriab. Kd«car Mruburic, Kif.n-lury, rnivicwtv of IVnmtylvniua, 
VhiMcIphia, Pa ; publt;»hed in full m Carnegie Htfol rompftny'n Pocket roiniMiniun, liUa 
editittt; <c) Publklied by Ameriraii RaitwaV ABnocuiion, 910 South Michigan 

valniy OhtdhgOit Hi. 

tClaii A kf<n railroad bndgea. 
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permits a maximum of 70,000 pounds if the percentage of elongatiim 
is the same as for steel having a tensile strength of 66,000 pounds. 

Rivet Steel Strength. Specification (c) specifies the desired 
strength of rivet steel at 50,000 pounds, allowing 4000 pounds vari* 
ation, thus making the range of strength from 46,000 to 54,000 
pounds; (a) allows a range from 46,000 to 56,000 pounds; and (b) 
allows a range from 48, (MX) to 58, (KX) pounds. 

Elongaiicm and Fracture. The three specifications are in close 
agreement as to their requirements for elongation of the test speci- 
naen and the character of fracture. 

Bending Requirements. Specification (c) is somewhat more 
rigorous than the others in the bending requirements. 

Either of these specifications will give satisfactory results, but 
specjifieation (b) of the American Society for Testing Materials is 
recommended as being most suitable for building work. It is given 
in full on p. 359. 

DISCUSSION OF IMPORTANT FEATURES 

Method of Manufacture. A brief description has been given 
of the two methods of manufacture of steel. The Bessemer process 
is more rapid and, as a result, is less subject to accurate control than 
the open hearth. In the Bessemer process the operator is governed 
by the cliaracter and color of the flame issuing from the converter. 
He must learn by experience to do this, as the whole matter depends 
upon his judgment. The open-hearth process, being slower, gives 
an opportunity to take samples and make analyses, and thus control 
the operation. ‘ 

The Bessemer process, as ordinarily conducted, does not remove 
sulphur and phosphorus, so that whatever quantities of these unde- 
sirable elements are in the iron ore remain in the finished steel. On 
the other hand, the usual open-hearth practice reduces the amount 
of sulphur and phosphorus, these elements being removed in the slag. 

For the above reasons, the product of the open-hearth furnace 
is considered more desirable than that of the Bessemer, i^^hen steel 
is to be subjected to severe use, as in the case of railway bridges. 

Heretofore the.question has* been an economic one. The Bed-r 
semer process being the cheapei^ most of the producing capacity 
was of that ^^ype, and a higher price was char^ for open-hearth 
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steel. Recently the »tuation has changed. Most of the new 
Furnaces are open-hearth and no extra charge is demanded for steel 
made by this process. There is now no difficulty in securing it. 

Chemical Composition. Carbon. The essential elements of 
steel are iron and carbon. All of the' other elements found may be 
considered as impurities. The iron, of course, constitutes all but a 
small percentage of the total. The function of the carbon is to 
make the steel hard and strong. Within c^crtain limits the tensile 
strength of steel increases, while the ductility decreases, with the 
increase in the amount of (‘arbon used. The amount of carbon in 
structural steel varies from 0.10 per cent to 0.40 per ci‘nt. Tl)e 
smaller amount occurs in rivet steel. For structural shapt's, the 
usual limits are 0.15 per cent to 0.25 j:)er cent. A larger amount 
makes steel too hard for structural purposes. 

Steel to be forged or welded needs to l)e low in carlmn. Steel to 
be tempered must be high in carbon. I'hese features do not con- 
cern structural steel, 

Pkosphorvs. Phospljorus occurs as an impurity iu the iron ore. 
It is not practicable or necessary to remove all of it. It increases 
the strength of the steel but produces brittleness. The amount of 
phosphorus allowed is about 0.10 per cent. 

Sulphur. Sulphur is also found aa an imp>urity in the iron 
ore. Its presence in the steel causes troid In in rolling. It usually 
amounts to less than 0.05 per cent. 

Silicon. Silicon may be in the pig iron or may be absorbed 
from the material used in lining the steel furnace. It increases 
the hardness of the steel and has a beneficial effec’t in the process of 
manufacture, so that the presc^nce of a limited quantity, about 0.20 
*per cent, is not objectionable. 

Manganese. Manganese also may be found in the. iron ore, 
but if not, it is added dhring the pro<;e»s of manufacture to assist 
in the chemical transformations. Its presence in the iinisheil steel 
to the extent of about 1.0 per cent is an advantage, as it adds to the 
strength and improves the forging qualities. However, some 
authmities bdieve that it promotes corrosion of steel and on this 
/mqpunt is objectioiiable. 

AUags qf SUd. A much larger quantity of manganese is 
sometiiiies usedas an aUoy^ but such a steel is qpt used for struotuiml 
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purposes. There are many alloys of steel, developed for special 
purposes. The only one used for structural work is nickel steel, and 
up to the present time its use has been limited to a few large bridges. 
Probably nickel steel will not be economical for building work for 
some time. 

Physical Properties. The ^determination of the physical prop- 
erties most suitable for structural steel has been a gradual develop- 
ment. It has been influenced by the cost of manufacture and ease 
of fabrication on the one hand, and uniformity and mmomy to the 
consumer on the other. 

The manufacturers have required that such limits be set as would 
I)ermit them to operate economically. Expensi\e refinements of 
small iinportaiice have been eliminated. The allowable range in 
strength has l>cen made large enough so that it can easily be attained. 
The fabricating shops have encouraged the use of a material that 
can easily be punched and sheared. 

The designing engineer^ representing the consumers have de- 
manded a small range in strength and uniformity in physical proper- 
ties, and at the same time as great strength as is consistent with relia- 
bility of material, with economy of manufacture, and with ease of 
fabrication. 

As the physical properties are closely related to the uses of the 
steel, their requirements are much more explicit than are those 
relating to chemical composition. The chemical tests are of inter- 
est only to the extent that they indicate physical properties. Thus, 
high carbon and high phosphorus indicate high tensile strength and 
brittleness, but these properties can be determineti more direc*tly by 
the tension test, wdth the attendant observations of elongation and 
character of fracture. 

Railway Bridge Grade Steel. It has been noted that the Manu- 
facturers^ Standard Specifications (a) provide for steel, which has 
a maximum strength five thousand pounds greater than the strength 
provided by specifications (b) and (c). This grade of steel was 
formerly very much used for building work, but now steel having the 
lower streiigtb is generally u5s^. The reason for using the lower 
strength steel is that it is more reliable and more uniform in quali^\ 
The higher the strength the brittle the material, hence the 
greater danger of injur}' from careless handling and from the shop 
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operations of fabricating. This latter condition makes the fabricating 
shops prefer to use the softer It si'ems probable that this 

harder grade of steel ^\\i be used less and less and, therefore, more 
ilifBcult to get; so it is |vise to specify the railway bridgt^ grade, which 
is Class A, in case Manufacturers* Standard Sp>ecifications are used. 

y?>W Pmnt. The yield point indicates one of the most import- 
ant properties of structural steel. Wlfen a piece of steel is subjected^ 
to a tensile stress, it elongates, the amount of the elongation within 
certain limits lading proportional tothe load applied ; thus, if a piec*e of 
steel of one square inch cross section is subjec^ted to a load of 5(K)() 
pounds, and then to a load of 10,000 pounds, the elongation in the 
second ca*^e ^ ill l>e twice as much as that in the first case. The test ^ 
for the strength qf the steel specimen, as described in the si^ecifica- 
tions, is made in a tension or pulling machine, to which is attached 
a lever arm carrying a weight, corresponding to the beam of an 
ordinary scale. If the load is increased at a uniform rate, the 
weight on the scale beam, by being moved at a certain uniform 
rate, will keep the beam exactly balanced until about one-half the 
ultimate strength of the material is reached; then the scale 
will drop, indicating that the specimen is elongating more rajudlv' 
Thestressat which this oc'curs is called the '‘yiedd point” of the stcud 
hreaknig Load. If a load somewhat larger than that whitdi 
produced the above effect were applied continuously for a long time;, 
or rejieated many times, the specimen -would finally break; but 
usually in testing, additional load is applied at the same ratt^ as before 
until the specimen breaks. The breaking load, according to the 
specifications, should be about 60|0(K) pounds per scpiare inc*h. 
This represents the load wRich will break the stc‘c‘1 if applied within 
.a reJatively brief period of time, but a mucdi smaller load will break 
it if applied over a long period of time. 

Elastic Limit The change in the rate of elongation does not 
occur just at the point where it bec’omes manifest hy the action of 
the scale beam, but at a somewhat loiter stress. The ixiint where 
the change actually occurs is called the ‘‘elastic limit”. This term 
formerly was used in specifications and, in fact, still is used in the 
Manufacturers’ Standard Specifications, but* as the commercial 
fhethods of testing stnK!turai steel do not clearly show the escact 
point of the elastic limit, the yield point is used. 
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Yield Point and Factor of Safety. The Standard Specifications 
require that the yield point shall be not less than one-half the uiti- 
mate strength. The value of the yield point b usually several 
thousand p>ounds above this amount. Wl^n the yield point b 
reached, the material has begun to fail. This value, therefore, in- 
stead of that for the ultimate strength, is the one which should be 
4 Used in computing the factor of safety. If the yield point is at 32,000 
pounds and the unit stress 16,000 pounds, the factor of safety is 2 
instead of 4, as commonly stated. Refer to the discussion of 
factor of safety, p. 7. 

Reduction of Area. Tlie provision in the specifications re- 
garding the reduction of area of the test piece at the point 
of fracture is of importance, as it indicates the ductility of the metal. 
If the piece breaks without much reduction in area, it indicates that 
the material is hard and probably brittle. Such material is likely 

to break, if subjected to shock, and may 
^ fracture in punching and shearing. The 
character of the fracture is indicative of the 
res sTffucTuffAL 5TUL samc condition. If cup-shaped and silky in 
appearance, it indicates toughness ; but if the 
roff stiver srrtL fracture is irregular, it indicates brittleness. 

^***'** bending test also is important for deter- 

mining wliether the steel is tough or brittle. 

Inspection and Tests. In order to check the quality of 'the 
steel as it is made, tests are made of each melt. The chemical 
analysis is made from a sample taken from the molten metal as it 
comes from the furnace or converter. Sometimes a check analysb 
is made from drillings taken from the rolled section^ 

Physical tests are made in accordance with the requirements of. 
the standard specifications. The test specimens are cut from the 
finished etructurai steel. The bend test is made by bending the 
specimen around a pin whose diameter equals the thickness of the 
specimen. Fig. 45. Rivet rods must bend flat on themselves. These 
tests are made with cold steel. The work is done either by blows 
or by pressure. * To pass the test, the spedmens must show no 
fracture on the outside of the bent portion. 

The tension-test specimen b shaped as shown in Eig. 46. It b 
put in a tendon-testing mach£le and pulled until it breaks. Yrom 
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ibis are determined the total strength, yield point, elongation, and 
diaracter of fracture, Fig. 47. 

Records of these tests are furnidied to customers if denied. 
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Customers may, and on important jobs do, employ inspectors to 
supervise the tests. These inspectors also make a surface inspection 
to see that the finished sections are straight and free from cracks, 
blisters, bucldes, and slivers. Fig. 48 is a sp(^imen report of test^. 
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UNIT STRESSES 

Oeneral Dtecussiofia The unit stress, or working stress, is the 
qtrew or load that is allowed on each square inch of cross section of 
the and is es^msaed in pounds p&r square inch. *!nu!M is 
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practical agreement on the values used for the various kinds of 
stress. The following values can be used with assurance that they 
will give safe results. Note that these values are for building work; 
they may also be used for highway bridges but not for railroad 
bridges. 

Structural Steel. Structural steel is so depc^ndable and (ff such 
uiiifdrm quality that the values for unit stress are well estahlished. 
The values given follow standard practic»c\ 

Maxhium Allotvahh cm Structural Steel in Ponudn per 

Square Inch: 


A\ml lonnum iM't . . . 

Horuliiia on extreme fiber, ieiiMoii 10,000 

llcmdina on extreme fOnr, compreHwum . , 10, (KH) 

l^'nding on extreme fib<'r, of pins ... . . ‘25,(X)0 

Shear on BhopKlrivon rivels . r2,0(X) 

Shear on field-driven rivets and tunwHl Ix^lts 10,000 

Shear on rollcxl-steel shapes ... . 12,000 

Shear on plate-girder webs. . . 10,000 

Bearing on shop-driven nvets and ]>iris . . 25,000 

Bearing on field-driven rivets and turned bolth . . . 20,000 

Axial eomprcHsion on <‘ohinins. , . 1H,(XK) — 70-^ 


In the above, ! U length of the colunui in inches from center to 
center of bearing, and r is the lea>t radius s f g\ ration. The maxi- 
mum value aHowed is 14,000 ptmnds per stpia. e inch. 

For wind pressure alone or combined with gravity loads, the 
ijnit stresses may be 60 p)er cent in excess of those given above, but 
\he section must not be less than retpiiccd for the gravity hauls alone. 

The discussion under ‘*(\>lumns” should be consulted regarding 
limitations of the use of the compression formula and the conditions 
under which higher and lower values are used. 

^Ca'st Irou. There is not .siu^h dose agreement among enginet^rs 
as to the unit stresses allowable on c ast iron. The following values 
represent fairly well the current practice; the> are in [xmnds per 
square inch. 


"Axial tenaon ... ni»t allowed 

Beiufing on CrjAtcme fiber, tcmaion 3,000 

Bending on extreme fiber, . 10,000 

Shear . . . . 2,000 

O>iii|xeafno^ . 10,000—60 ^ 
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The discussion of cast-iron columns should be consulted for 
limitations of values used and length of columns. These values are 
taken from the Building Ordinances of the City of Chicago. 

Masonry. As the ultimate bearing of steel wewk b on masonry, 
and as the bearing values are necessary in designing the bearing 
plates’and column bases, the values are given for the u^al forms of 
masonry. The values below, expressed in pounds per square Inch, 


are taken from the Building Ordinances of the City of Chicago. 

Coursed rubble, Poii land cement mortar. 200 

Ordinary rubble, Portland cement mortar 100 

Coursed rubble^ lime mortar 120 

Ordinary rubble, lirne mortar 60 

First-lass granite masonry, Portland cement mortar 600 

I'lrst-class lime and sandstone masonry, Portland cement 

mortar 400 

Portland cement concrete, 1-2-4 mixture, machine mixed 400 

Portland cement concrete, 1-2-4 mixture, hand mixed 350 

Portfand cement concrete, 1-2^5 mixture, machine mixed. • • 350 

Portland cement concrete, l-2J$-5 mixture, hand mixed 300 

Portland cement concrete, 1-3-6 mixture, machine mixed 300 

Portland cement concrete, 1-3-6 mixture, hand mixed 250 

Natural cement concrete, 1-2-5 mixture 160 

Paving brick, mortar 1 part Portland cement, 3 parts torpedo 

sand. . . 350 

Pressed brick and sewer brick, mortar same as above 250 

Hard common select brick, same os above 200 

Hard common select bnck, mortar, 1 part Portland cement, 

1 part lime, 3 parts sand 175 

Common brick, all grades, Portland cement mortar 175 

Common brick, all grades, good lime and cement mortar . . « • 125 

Common brick, all grades, natural cement mortar 150 

Common brick, all grades, good lime mortar 100 


The American Railway Engineering Association permits a 
bearing of 800 pounds per square inch on concrete, provided the 
area of pier is twice the area ^f the base plate. The wnter 
would allow this high stress only when the concrete is properly 
reinforoed with hooping, similar to that used in hooped columns. 


RIVETS AND BOLTS 

Ordinary Siaes. The sizes of rivets vary in a general way with 
the thickness of Steel whicb^ilSy connect In structural stedi work 

the sizes commonly used are f inch, f inch^ and } inch, thd*i-inch 

1 ^ 
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fflfle being used much more than any other. In very li|^t ^ork 
rivets are sometimes used and, in very heavy work, rivets 1 
inch, 1| inches, md H inches are uschI. 

Rivets smaller than i inch are used when the size of the mem- 
bers connected requires it, or when the thickness of metal use<l is 
chiefly J inch. |-inch rivets must be used in the flanges of B-inch 
and 7-inch I-beams; 6-in(‘h and 7-ineh channels; and 2-inch angles, 
f-inch rivets can be used in all of the beams, channels, and angles 
larger than the above sizes, i-inch rivets may be used in beams 
18 inches and larger, and angles 3 inches and larger. 

Another consideration that sometimes affects the sizes of rivets 
used, and concerns particularly the sizes larger than } inch, is the 
thickness of metal to be joined together. It is the general experi- 
ence in shops that satisfactory punching cannot be done when the 
thickness of metal is greater than the diameter of the hole to he 
punched. Of cobrsc, it is possible to puiuh thicker material than 
this, but it is troublesome to do so because of the fre*quent breakage 
of punches. Consequently if most of the material to be punchenj i < 
i inch in thickness, {-inch rivets will be used. 

Another approximate rule governing the size of rivets is that in 
general the diameter of the rivet shall be iK)t less than one-fourth of 
the total thickness of metal. 

The use of more than one size of rivet on a job is to be avoided 
as much as practicable on account of the trouble and expense of 
frequently changing the punches. It is esijecially inconvenient to 
punch more than one size of hole or drive more than one size of rivet 
in a structural member. 

Spacing. There are a number of conditions that control the 
spacing of rivets. These have been developed into practical rules 
which are quite uniform among the various fabricating shops* 
Rivets spaced too dose together would cut out too large a percentage 
of the cross section of members. Rivets spaced too far apart cause 
a waste of material in connecting pieces. 

The specifications relating to rivet spacing,'*' p. 365, items 67 
to 63, are in accord with usual practice and should be followed. 

lor Struetimi Woric of BuikttmE*" bjr C SokiMASor, M Aip. Spe 
C. B., pubMod la Tpumeiutmt fifths Amtna»n of CMl Vot UV 
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TABLE I 
Qages for Angled 
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TIk! trnii is used to designate the spacing of 

rivet lines parallel to the axis of the member. For example, 
Fig. 49 illustrates the gage lines of beams, channels, and angles. 
Standard values are assigned in the haral-books to the gage lines in 
tht flanges of I-beanis and <‘hannels, and in angles. However, as 
manufacturers do not agree as to the gage lines of angles, values 
used by the American Bridge {\>mpany are given, Table I. 

(rage lines in v>ebs of Innims and channels anti in plates are not 
standard and are located according to retpiiremeiits. 


a 

wl 

'P 

1 

D 

D 






i 

Piivh. By the pitch of rivets is meant the spacing along the 
gage lines, Fig. 49. Some of the rules for this spacing are given in 
Schneider’s ^Specifications previously referred to. Note carefully 





STEEL CONSTRUCTION 


the provisions there given. The rule usually followed for the mini* 
mum pitch is J;hree times the diameter of the rivet. But this mini- 
mum should be used only when necessary, it being i)rt‘ferable to use 
a larger spacing of rivets under ordinary conditions. Three inches 
is desirable for f-inch rivets, where this spacing does not involve 
the use of an excess of material in the connected piec'os. Where no 
definite stress occurs in the rivet, as in built-up columns, or where 
the stress is small, as in certain portions of flanges of plate girders, 
six inches has been established as the maximum. In case there are 
two gage lines closer together than the minimum spacing allowc‘d, the 
rivets in the adjacent rows must alternate so that the diagonal <lis- 
tance between them will exceed the minimum by 40 jkt c*ent or 
more. 

FAge Disiarwe. If holes are punched too close to the edge of 
the metal, tlie tendency is to bulge out the inctal and jx^rhaps to 
crack the edge. This necessitates maintaining a certain distaiu‘e 
from the edge to the center of the rivet hoicks. This distance must 
be greater in the case of a sheared edge, as of a plate, tlian is reqnin'd 
for a rolled edge, as the flange of a beam, an angle, or a univers,H 
mill plate. The values commonly used are given in SehneidfT s 
Specifications quoted above. 

In the smaller sizes of beams and channels, the gaft<‘ distances 
do not comply with these specifications. The width of flange is 
not suflScient to permit the use of the full dge distance and still 
allow necessary clearance from web to permit driving. On aec»ount 
of the danger that the metal will bulge out or crack along the edge, 
designers should trj^ to avoid using smaller than 10-incli I-beams and 
channels in a way .that will n^quire flange puneliing. Instetul, 
web connections or clips and clamps can gcMicrally be used. 

Clearance^ A hole cannot be punched close against the web of 
an I-beam or close to the leg of an angle. A certain amount of 
space is required for the die. Of course holes can be drilled in any 
position, but this is not resorted to unless there is some particnilar 
reason for so doing. However, the punching of holes is not the 
limiting feature in the matter of rivet clearance. The rec|uired 
clearance is governed by the size of the die used in fonning the rivet 
Head* The usual nde for clearance is cme-half the diantetfr o/ the 
rivet fha three-eigkths of an inch. The clearances required for 
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various conditions for several sizes of rivets are given in^ Fig. 60# 
which represents the practice of the American Bridge Company. 

Closely associated with the 
amount of clearance is the ac- 
cessibility for driving the rivets, 
Fig. 51. For power driving, the 
rivet must be so situated that it 
can be brought between the jaws 
of the riveting machine. For 
riveting with the percussion ham* 
mer (air hammer), it must be 
possible to hold on to one head 
of the rivet with a die while the 
other head is formed by the riv- 
eter. For hand riveting it is 
necessary to be able to hold on to one head of the rivet and 
that tlie other end of it be accessible for driving wdth a maul. 
It is sometimes iiecessary to cut away flanges of I-beams or cut 
holes in the webs of box girders to make the rivets accessible for 
driving, Fig. 51. This matter is generally looked after in making 
shop drawings, but needs some attention in designing. 



USUAL MSrHOD IMPOSStBLE TO nAMGC OTBEAMS^ PfVm CAffHOT 

Opr DSiVE BY CUT AVYAY TO BE DmUEtt AFTEIf 

USUAL pfcraoDs FEFMrr ppmrto | beams ape 

^ ASSEMBLED 

Fig 51 DifiBoult SituAtioQB for Rivetins 

Rivet Jleads. Manufad/ure. Rivets are made with one head. 
This is done by heating a length of rivet rod to the proper tempera- 
ture and running it into the rivet machine. The madiine upsets 
the end d the rod, making a head, and then cuts off the rivet to the* 
deured length. It is necessary that the dies in which the heads 
are formed be of proper size and be kept in perfect condition in order, 
to make good rivets. If the two halves of the die whidli grip thd 
tides of the rivet do not fit closed, some of the metal will be forced 
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Fig, 62 » Dofootive Rivoto 


between%hem» forming fins on the sides of the rivets^ Fig. 52 . If 
the comers of the die become rounded, a shoulder will be formed at 
the junction of the shank with 
the head* Either of these de- 
fects will prevent the rivet head 
from fitting up tight against the 
plate, thus causing unsatisfac- 
tory, results when driven. This 
point is especially important in 
tank work where the rivets must be water-tight. 

Button Head The shapes of the rivet heads vary among 
different makers, although these variations are slight. The type 
of head used in structural work is called the “button head*' to dis- 
tinguish it from the cone head which is used in tank and boiler work. 

Flattepied and Countersunk Heads. It is sometimes necessary 
to flatten rivet heads for special situations in order to provide the 
required clearance for an adjacent mernl)er. This flattening may 
vary from a slight re<luction from the full thickness of the head 
down to a flush or countersunk head. The different thicknei^^cs 
ordinarily used are f inch, J inch and J inch. A countersunk rivet 
is one in which the head is made in the form of a truncated cone and 
is formed by driving in a hole which has been tapered by reaming 
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so that the diameter at the outside is greater than at theVnside of 
the plate. The sizes of rivet heads are shown in Fig. 53. Hie 
conventional signs for riveting are given in the handbooks. 

It is to be noted that countersunk rivets are not as strong as 
rivets with button heads and are much more expensive, conse- 
quently they are not used unless absolutely required by the condi- 



Fig M 100-Tod Hydraulic Rivf*t4»r, 120-inch Gap 
Courtevy MacktntoAh, Hemphill (f* Company 


tions. A flattened rivet should be used iu preference to a counter- 
sunk rivet; but when a smooth surface is to be obtained, the head 
must lie countersunk and chivied flush with the plate. 

Driving. Before rivets can be driven, the pieces to be joined 
must be assembled accurately in position and be held together with*.. 
bolts. The%umber of bolts u^ for ^is puipose will dejimid to 
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some ex^t on the accuracy of the punching and the straightness of 
the pieces. If the several piet'cs are not held togethef, the metal of 
the rivet will be forced out between them, or the driving of adjacent 



55. Hanna PiMMimatic 24-im h CJap 

Courtety Vvlran ('omjMiny 


rivets may draw the plates rUiser together aiul loosmi the rivets 
previoudy driven. 

Rivet holes are punched A m<*h larj;tT than the nominal size 
of the rivet for when the rivet is heated, it expands somewhat, 
making it necessary to have the larger size hole. The driving of 
the rivet must be done in such a ^ ay as to upset the metal of the 
•shank so that it fills the rivet hole solidly, even to the extent of 
filling out any irregularities in the hole, and then the ^utton head 
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must be fonned on the driving side. As the rivet cools, it shrinks 
and thus grills the steel more tightly than when first driven. 



Fig. 66. Rivet Ready for Dnvmg 
Courfety Vulcan Engincenng Sales Comvany 


Rioeting Machines in Shop. In the shop, rivets are driven with 
an hydraulic riveter, Fig. 64, or a pneumatic riveter, Fig. 65. The 



Fkf 67 Tlutte Ruges in Proeew of Riveting 


madiine consists, essentially of a yoke which sp^ ‘the membm 
to be rivetgL Fig. 66. On tlR(i*Outef arin of the yoke is a dw 
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fits over the bead of the rivet; the other ann carries a similar die, 
or rivet set, which pushes against the end of the rivet, upsetting the 
alianlt of the rivet and rims forming a bead, Fig. 57. The power is 
applied by means of hydraulic or pneumatic pressure. The pressure 



Fic. 58. PneumAtio Rivptine Hammer 
Cuwiuy Chicago Pnettmaiic Tool Company 


is held on until the rivet is partly cooled and has acquired enough 
strength so that the spring of the plates will not stretch it. 

Pneumatic Hammer. Whenever the rivet is in such position 
that it cannot be reached by means of the power riveter, it is driven 



fig. 59. light Motor-Driven Punch 
CowUoff MaekifUooh^ HemphtU dt Company 

with a fmeumatic hammer. The rivet is inserted in the hole and 
hdid in place by means of a die pressed against the head^ the die 
ibeing held in position by hand or by a suitable arrangemait of 
leverEs The pneumatic riveter, or air gun. Fig. 58, cities a die, 
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or 'Set, for upsetting the rivet and forming the head. When the 
IK)wer is turncKl on, this machine delivers very rapid blows and thus 
performs the required work* Riveting in the field on the assembled 
structure is usually done by means of the pneumatic hammer. 

Hand Rirrtmg. Hand riveting is now used only 6n small jobs, 
the air gun being replaced by the sledge hammer. The rivet is 
first hammered down by blows from the sle<lges, then the rivet 
set is applied and sledged to form the head to its proper shape. 

Perfect rivets cjin be driven by either of the above methods. 



Fig 60, Heavy Motor-Dnwn Multiple Punch 
Courtnsy af MackttUoah, Hemphill A Comitany 


Ihiachkig and Reaming. Rivet holes in structural steel work 
are ordinarfly punched in thy metjd by means of a powerful punching 
machine. Figs. 69 and 60 showing examples of the single and multi- 
ple types, respectively. The essential features of the machine for 
doing this work are ^ punch and a die. The die is usually about 
it inch larger in diameter thaw the punch. The two are placed 
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in the madiiae so that their axes are exactly in line. Tins 
plate is placed over the <lie and the punch is forced through, thus 
shearing out a round piece. This resulting hole is not perfectly 
smooth. The degree of roughness aill depend on the condition of 
the punch and die, and the amount of difference in their diam* 
eters. The metal around the hole is to some extent torn and 
distorted. 

For ordinary' structural purposes tlie lioles are accurate enough 
and the damage to the metal so slight that no further treatment is 
needed, but in railroad stru(‘tures and sometimes for special cases 
of building work it is required that the holc\s bi‘ rt*amed. In siuih 
cases the hole is punched smaller than the size of the rivet — called 
“sulHpunching” — and it is then enlarged to the proper size by 
means of a drill or reamer. In railroad bridge construction, it is 
customaltv to ream all metal over | inch in thickness and to ream 
all holes for fiehl coniiec-tions. In structural work for buildings, 
reaming is not required to suc*h a great extent. Sometimes it is 
required on metal thicker than } inch and oh field connections of 
very heavy members where a slight inac'curacy would occastiHt 
serious inconvenience* in enacting. 

WTiere the sCNcral piecc\s asscmiblcd together liave a thickness 
of more than four times the diameter of thc^ rivet, or where through 
any inaccuracy of punc’hiiig the holes do not match accurately, the 
holes should be reamed to true thc*m up; but i such eases they need 
not be sub-punched and the reaming only serves the purpose of 
trimming up the irregulariticb. 

As previously stated, the diamete/ of the rivet holcj as punclunl 
is inch larger than the diameter of the rivet; but in order to take 
account of the injured metal in corrijiuting the net section, the hole 
is figured i iiK‘h larger than the rivet. 

Functions of Rivets and Bolts. Rivets and IwJts are used for 
fastening together the scjveral sec^tions used in building up the 
structural steel members and for c’oiinecting the members together 
^ iirtlio finished structure. Rivets are always ysed for this purpose 
unless there is some special reason for using l)olts. Generally 
speaking, rivets are cheaper than bolts and for most puriK>ses more 
iffective. They fill the holes full even though the holes may be 
slightly irregular in shape, and if driven tight w^ill remain so; whereas 
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bolts, unless they are turned and driven tight into reuned holes, 
are apt to become loose after a time. 

The function of rivets is to hold one piece of steel to another 
and to transmit stress from one to the other. In so doing they^ 
must resist a bearing pressure and a shearing stress. 

In many cases the rivets are not subjected to any definite shear- 
ing or bearing stress, but simply serve to hold the steel sections 
together in built-up members. They are unquestionably subjected 
to some stresses, but it is not possible to determine just what these 
are. In such situations tlie spacing of rivets is governed by rules 
resulting from practical experience. ^ 

It sometimes happens that the direction of the stress applied 
to the rivet is along its axis, that is, the rivet is subjected to tension. 
It was formerly the custom to specify that rivets should not be 
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Fig. 61 DiaiKTuufl Hhowing Streaaos in lUvoU 


subjected to tension, but that bolts should be used in such situations. 
This provision was necessary when wrought-iron rivets were in use, 
as their heads (xnild be easily broken off. Steel rivets are much 
more reliable in this respect and, if properly driven, can be sub- 
jected to tension as safely as bolts. 

' Baariitf. Fig. 61-a repre.Hents two pieces, m and n, riveted 
togeth^, so that the stress (4000 pounds) in m is transmitted to n. 
Fig. 61-b rejnesents three pieces riveted together so that the stress 
(8000 pounds) in the center piece m is transmittecbto the two out- 
side pieces I and n. 

The bearing on the rivet is the pressure exertlM on it by the 
plate through which it passes. In Fig. 61-a the bearing from plate 
M is on the right half the tivet and from plate n on the Mt hall 
of the riv^. Although the adtual bearing is on the curved smface. 



STEEL CONSTRUCTION 


66 


i. e., one-half the drcumferenoe of the rivet, the area used in figuring 
is the projected area of this surface, L e., the thickness of the plate 
multiplied by the diameter (rf the rivet. For the plate m, the area 
is or .375 sq. in., and for plate n, or .281 sq. in. 

The unit stress allowed in bearing is 25,000 pounds per square 
incb for shop-driven rivets; thus the allowed value.s in bearing are 
for m 0.37.'3x25,000=a937.'ijjt 

for n 0.281 X25,000 = 7025# 

; Thestress actually transmitted is 40(X) pounds, and each bearing must 
[ be good for at least this amount, hence the bearings are suflBcient. 

The actual bearings per square inch are 

for m 4000^0.375 = 10,000# 

forn 4000-^-0.281 = 14,200# 

; pBOBIiEM 

Compute' from the aljove data the allowable beanriK viiluc‘8 for m an<i n and 
tlie oi'tual b<*.'vring per square inch on m and n for field-driven rivets. 


Ill Fig. 6l~b the stress is transmitted from the plate m to the 
plates / and n and divided equally between theqn. Tiic bearing 
areas are 

form rxf «0.375sq.ina 

for I and n combined 2 0.5025 sip in. 

The allowed bearing values on shop-driven rivets are 

form 0.375 X25,(H)0= 9375# 

for I and n combined 0.5G25 X 25,0 X) = 1 4,005 # 

Tlie stress actually transmittetl is 8000 pounds, so that tin* bearing 
for m is 8000 pounds and for I and n 4(X)0 pounds each; hence, the 
bearings are sufficient. 

The actual bearings p<‘r square inch are 

for m 80(K)-J- 0.375 =21,3(K)# 

for / and n combined 8(KX)-^0.5G25 = 14,2(K)# 

PkoblIkm 

Compute from the above data the allowable, bi'anngs for /, m, and n for 
field-dnven rivets. 

Shear. Referring again to Fig. 61-a, the forces acting on the 
two plates tend tb cut, or shear, the rivet along tlie plane between 
the plates. This shearing action is resisted by the croasksection 

* 'H cf ^ 

area of the rivets. This sectional area is which in thiscaseis 
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or 0.4418 sq. in. The unit stress allowed in shear 

on shop-driven rivets is 12,000 pounds per square inch. Then the 
allowable value for one J-inch rivet is 12,000X0.4418 or 5302. This 
is greater than the actual stress applied and is sufficient. 

The actual shear on the rivet per square inch of cross section is 

4000-^-0 4418 = 9054# 

PROBLIGM 

Cotuputc the shearing value of a 1-inch rivet, field driven. 

Ill Fig. 61-b there is a tendency to shear the rivet along two 
planes, i. c., on each side of the plate m. Consequently the shearing 
value of one rivet in this case is twice the value computed above, or 
2X5302 or 10,004 pounds, and is sufficient to carry the actual load, 
which is 80(K) pounds. The actual shear per square inch is the 
same as before, because both the actual load and the total cross- 
section area resisting it are twdee as much as before, giving 
8000 (2X0.4418) = 9054 # 

In the first case the rivet is in single shear, in the second case 
it is in double shear. It is clear tliat rivets should be usc'd in 
double shear wherever possible, provided the miildle plate has a 
bearing value more than that of a rivet in single shear. 


Probm-m^ 

1. C'ompulc tho Hhcar value for .s]iop-<lriven nvels of the following kIzos: 
Jf b If 1 ineli, resfH’c lively, for (a), Huigle sbeai and (b) double shear. 

2. Compute similar values for held-ilnven nvels 


lUmtrative Example. In the case illustrated in Fig. 01-a, what 
thickness of plate n is requirt'd to make the bearing value equal the 
shearing value? The shearing value is 5302 pounds, ^fhe bearing 


area required is 


5302 

25,(«i0 " “I- 


The diameter of rivet 


being O-TS^ in., the thickness required to gi\ e the rt'quired area is 
0,212 sq. in. -i- 0.75 or 0.283 in. The next higher commercial size 
is 0.3125 in. or A in* thick. 


PrOBLiEMS 

1. In the illusijrated' in Fig. 61~b compute the ihicknees of plate m 
required to make the beaiing value equal the shearing value. 

2. Compute ;^he thickneea of plates whose bearing values correspond to 
the single shear values of i-in., i-ht., and l-in. rivets. Compute the same 
for double shear values. 
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3. How many J-in. rivets, field ilriven, single shear, an^ required trans- " 
init 175,0§0 pounds^ 

4. How many |-in. rivets, field driven, double shear, are requinnl to 
transmit 100, (KX> pounds? 

5. Assume shop ri\’et» in double shear, middle" plate J-in. thiek. How 
many J4n. rivets art' n^iuired to tmnsinit 235, (KK) pounds? Tlow thirk must 
be the outside plates? 

The designer can readily fix in minij tfie thickness of plates 
which give bearing values corresponding to the shear values of the 
rivets, then it will be necessary to compute only the shearing values. 

Friction. If the plates are hekl together when the rivet is 
ilriven, the shrinkage in length as the rivet iHxds will exert consid- 
erable pressure. This makes the riveted joint develop a frictional 
resistance, whic h is additional to the shear and the bearing resist- 
ance. The amount of this friction has not been accurately deter- 
mined. Furthermore, it may have no A'aliie if the rivets are not 
tight. Consequently, no account is taken of the friction in figuring 
the strength of rivetcsl joints. 

Tension. Specifications <lo not usually assign any value to 
rivets in tension. While their use in this manner is to be avoided, 
tlu*y may be so used when eoiiiKtions require it. The unit stn v. 
allow able is the same as for sliear. (See p ol ), 

Rivet Tables. The liandbooks contain tables giving the shear- 
ing and bearing values of rivets. Tfiese tabl(*s cover several values 
of unit shearing stress and unit bf^aring ^ress. They give the 
diameter of rivet, area of cross section, single shear, double shear, 
and the bearing for various thicknesses of plates. 

Problem 

Krfer to the rivet fabU'H and c]k*cIv all’thf* t xamplcH and problems that 
have lH»en giY<*n. 

If the handbook does not contain tables based on the unit 
stresses given herein, prepare such tables and keep them for future 
use. Most handbooks have blank pages in the back part of the 
IxKik for such use.* 

Investigation of Riveted Joints. The theoretical strength o7 a 
riveted joint involves three elements: the bearing value of the 
rivets; the shearing value of the rivets; and the area of the section of 
imstal after deducting rivet holes. 

*irbe irt4id«ni idiould become femiimr with all the tableii giveii in the handbook reUUss to 
tireto and bdti^ 
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In a perfect design these three elements would be equal in value, 

but this ideal is rarely reached. Most frequently it is the shearing 

value which determines the strength of the joint, next the bearing 

value, and least frequently the section of the metal. 

Illmdrative Example. Fig. 62 illustrates a splice of two plates, 

each 7* X i". Rivets f' diameter, field driven. 

* 

(li) Using all of the ten rivets, 

Shear value 10 X4418 = 44,180# 

Bearing value 10 X5G25 =56,250# 

Tension value at (1) 6iX|X16,000 = 3G,750# 

Tension value at (2) 5iXiXl6,(XX) = 31,500# 

Loss of tension value lie^tween (1) and (2) = 5,250# 

As this loss is more than the amount transmitted from m to n by the 



I' 

|2 IJ U l-T \7 

F ig ii2 J )iagraniinatlo Viows of a Rivotod Joiut 

rivet at (1), the entire tension value at (1) is not available and the 
strength of the joint is the tension value at (2) plus the shear value 
of the rivet at (1), or 31,500+4418 = 35,918#. 

(b) Now consider that the rivets at (1) and (7) are omitted. 

. Shear value 8 x4418 = 35,344# 

Bearing value 8X5625 =45,000# 

Tension value at (2) 51X1X16,000 =31,500# 

The strength of the joint is the tension value at (2), i. e., 31,500#. 

(c) Next considef that the rivets (4) are omitted. 

Shear value 8 X4418 = 35,344 # 

Tension value at., (2) plus shear value of rivet at (1) as 
, above= 35,918# 

n 
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The strengtli of the joint is the shear value 35,344 
(d) Finally omit the rivet at (3). 

Shear value 9 X 4418 * 39,762^ 

Strength oF joint same as in (a) *35,918^ 

From the above it is clear that the maximum strength of the joint 



iriaMT \A/ftoN6 

F n 63. Diagrantn fShomng Ktght and Wrong ArninKt'inrul of Rivot 
Holes in Tenmoii MoinWorn 


that can be matle in this case is 35,918 pounds. It mjuires 9 rivets 
as ill (d).^ Nearly the same strength can he secured with 8 rivets as 
in (c), 35,344 pounds. 



e mol£s out 


-4 \ — V- 1 a»Sum of gagcfi inunw thickiu^iw of angle 

1 [ Rivets can be taken at loflg than for 
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64 . Btaator of Rivota Reqaired to Maintois Not Seotion. 

**afam<tardt/0r DMlino** American Ctmpany 
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Tlie important point to be observed from this example is the 
difference between (a) and (b); the loss of section hy rivet holes 
sbouhl be made as gradual as possible. 

PrOBLI'M 

Go throiiRh tho ofKTations of the above example on the basis of shop rivets, 
NftSeeti(m. The holes in angles can usually be arranged eo 

that only one need be deducted 
with two or three rows, and two 
with four rows. This is not 
alw ays true for the large angles. 
Fig. 63 illustrates the right and 
wrong arrangement of holes in a 
number of cases. Fig. 04 illus- 
trates the pitch of staggered 
rivets required to maintain the 
net section. If the joint is in 
compression no deduction is made in the cross section on account 
of rivets, and the rivets need not be staggered unless required for 
minimum spacing. 



Kg. 65. Two Anglofi Attached to a 
(} asset Plate 


/S"I 4 ^' 


4''x .5 

Fig 06 . Side and Knd View of a llivetod Hangor 

Problxms 

1. . Fig. l^hows two angles in tension to be connected to a gusset plate 
with shop nvets. D^U^rmine the following: 

Size of rivets 
Net seeUon of angles 
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Tenmon valua of net Bection 

Thickness of gusset plate to develop the full double shearing value 
of the rivets 

Number of rivets 

Locate gage hue and space the rivets 

Draw plan, elevation, and section of joint at J-inch Hcali' 

Note. The eonnoction illustrated is i>oor on account of secoinlary stToss, 
p. 234. It IS used only for practice. 

2. Fig. 66 shows a hanger oonnecterl io the undeisuie of an I-ln'am. 
The hanger is made of 2 Ls 4*X3''X3'' and camt's a loud of 65,000 
pounds. Determine the following; 

Size of rivets 

Total section of two angles 

Net section of two angles after deducting tme rivet hole from c‘aoli 
Whether section is sufficient for the load applied 
Thickness of gusset plate to develop the double shejiring value of rivets 
NumhcT of shop rivets to connect lug angh'S io mum angles (assume 




Sido and End Vn*w of Standard Beam Connertiou 


thatonc-half of load is transmitted through the lug ngk^s) 

Number of shop rivets to conniut hanger Io gu^^<•t plate 
Number of shop rivets to connect gussi^t plate to top angles 
Number of field nvets (m tension) to conii(*et foj) angles to I4j< arn 
Make drawing at J-inch 8caU‘, shown>g all dimen.Hioris and nvet siiiieing 

Give page numbers of handbook for all r(‘ferenrf‘s used in the above ofK'ra- 

tions 

3. Fig 67 shows the standard end eormeetion for a 15*^ I 42//. What 
is the strength of the connection? 

Bolts.* The foregoing discussion of rivets applies also to bolts, 
except as to stresses allowed and as to bolts in tension. 

Turned bolts fitting tight in reaineil holes have the same values 
as field rivets. Machine bolts should be allowetl only three-fourths 
the unit stresses of field rivets, i. e., 7500 i)ounds per square inch 
shear and 15,000 pounds per square inch iK^aring, 

*T1ae student iiboutd obtain a catalosua from a bolt manufacturer and beooino famUiar 
mih the staodard and apecial bolta on the market. 
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In general^ the use of bolts in the permanent structure should 
be discouraged, being limited to locations where it is impracticable 
to drive rivets and to connections where they serve simply to hold 
the members in position and do not transmit stress. The cost of 
using turned bolts will prevent their use where rivets can be used. 
But machine bolts are cheaper than rivets for most field connections 
and their use must be forbidden except in cases where they are 
suitable. 

Turned BoHs. Turned bolts, as the name indicates, are turned 
to exact diameter in a lathe. The holes for turned bolts must be 
reamed after the members are assembled, or both members must 

be reamed to fit the same tem- 



liK OS, Part Section of Bolted Joint 
Showiua Fillet lender Bolt Head 


plate. The reamer must have 
the same diameter as the finished 
bolt so as to give a driving fit. 

Washers must be used under 
both the head and nut. Refer 
to Fig. 68 and note that there is 
a fillet under the head. If the 
washer is not used, this fillet will 
prevent the head from bearing 
against the plate. If the tHread 
is cut long enough to allow the 
nut to bear against the plate, the 
thread will extend into the hole; 
hence a washer is used so that 


the thread need not be cut so long. After the nut is drawn up 
tight, the threads should be checked with a chisel so that it cannot 
become loosened. 


Machine Bolis, !Machine bolts are made from rods as they 
come frofn the rolling mill and are not finished to exact size. They 
do not fill the holes fully. Their principal use is for assembling 
material in the shop or in the structure, preparatory to riveting. 
They may remain in the finished structure if not subjected to shear. 
Such a case is a beam resting on another. 

Bolis in Tension^ When a bolt is used in tension, the net area 
available to resu^ the stress is the area at the root of the thread. 
For examine, determine the tensile strength of a j-inch bolt. Re; 
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ferriag to the handbook, it is found that the diameter at the root of 
the thread is 0.62 inches. From this, the area, if not given in the 
table, can be computed and is found to be 0.30 scjuare inch. Then 
the tension value is 0.30 X 10,000 or 3000 pounds. 

Two nuts should be used on bolts in tension to prevent strip- 
ping the threads, and the threads should be cheeked after the nuts 
are tightened. 

Length of Rivets and Bolts. The grip of a rivet or bolt is the 
thickness of the material through which it passes. The grip esti- 
mated is the nominal thickness of metal plus A inch for each piece 
of metal. 

The length of rivet required for a given case is the grip plus the 
amount of stock required to form the licad and for filling the hole 
when the rivet is upset. The lengths n^quired for various grips are 
given in the handbooks. 

The length of bolt required for a given case is the grip plus the 
thickness of the washers, plus the thickness of the nut (or two nuts 
if in tension), plus J inch. 


as 
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PART II 

•BEAMS 

Definitions. A beam is a structural mernl)er to a load 

applied perpendicular to its longitudinal axis. IKually the beam is 
ill a horizontal position and the load is applied vertically downward. 
It is supported at the ends (unless it is a cantilever). Tlie space 
between the supports is the span.. , 

The word beam is a general term wliich applies in all nises to 
a member subjected to bending by a transverse load, irrespi'ctive of 
the use to which it is put. There are a number of spec'ial terms 
which have reference to the position or use of the beam. 

A joist is a beam which supports the floor or other load dut ( 1, 

A girder is a beam which supports one or more joists or oilier 
beams. 

A lintel is a beam which supports the wall al)ove an opening 
therein. 

A spandrel beam is one which supi)or' ^ the masonry spandrel 
between the piers of a wall. 

Elevator beams, sheave beams, stair stringers, crane girders, 
etc., are used for the purposes indicated by their names. 

‘ Built-up beams are usually called ^^girders’' irresp(‘<*tivc of their 
uses. There are plate girders, box girders, beam box girders, etc. 

The span of a beam is the distance between supports, or, in the 
case of a cantilever, the distance from the support to the end of the 
beam. 

Classification. Beams are classified as simple and restrained. 
A simple beam is one which has a single span and rncrt'ly rests on its 
supports, there being no rigid connection to prevent normal liendirig. 
A festramed beam is one which has more than one span or is rigidly 
TOnnected at one or more supports, or othefwise prevented from 
normal bending. Fig. 69 illustrates a simple beam and several 
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forms of restrained beams, showing in an exaggerated way the forms 
they assume when bending under load. 

Although most beams in steel construction are somewhat 
restrained by their end connections, they are treated as simple 
beams in designing. Beams extending over more than two supports 
are very rarely used in building construction and are not considered 
in this text. Cantilever beams oc(‘ur in the form of a beam pro- 
jecting from a support to which it is rigidly attached, and in the 
form of a beam spanning from one support to another, and pro- 
jecting beyond one or both supports. 

Sections. The structural steel section most used as a beam is 
the I-beam. It is designed for this purpose and is the most eflBcient 
form in which the steel can be made for resisting bending. Chan- 
nels, angles, and tees are used only to meet some s[>ecial condition. 
The built-up or riveted girders imitate the I-beam and are used for 



Fik (»ll Sitnpl<>, Cantilcvtr, and Rcstrniurd nrania 


loads which are too great to be supported by the rolled section. 
This part of the text deals only with rolled sections. Riveted sec- 
tions are given later. 

REVIEW OF THEORY OF BEAM DESIGN 

Factors Required in a Complete Design. The complete design 
of a bean requires the computation of the bending moments and 
shears resulting from the assumed loading, and of the resisting 
moment, shearing resistance, and deflection of the beam section 
which it is proposed to use. The resisting moment usually governs. 

Maximum Bending Moment The resisting moment based on 
the allowable unit stress must be equal to or greater than the maxi- 
mum bending moment. As the section of the rolled beam is the 
same from end to end, its^i^stance b constant throughout its 
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length. Hence, it is necessary to compute only the maximum 
bending moment. The position and amount of the maximum 
bending moment are computed later in the text for various conditions 
of loading. 

' Maximum Shear, The shearing resistance based on the allow- 
able imit stress must be equal to or greater than the maximum 
shear. The shearing resistance of the rolled beam is constant 
throughout its length. Hence, it is necessary to compute only the 
maximum shear. The position of maximum shear in single span 
beams is always adjacent to the support which has the greater 
reaction. ^ 

Deflection, A beam subjected to bending stresses must have 
some deflection, and, under certain conditions, the amount of this 
deflection must be limited. For example, the floor section, Fig. 70, 
shows that the deflections in the joists were so great as to cause a 
bad crack in the marble floor above the steel girder. 
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The definitions and methods of computing bending moments, 
shears, resisting moments, shearing resistance, and deflection are 
given in '‘Strength of Materials.’' The student should review 
those topics before proceeding with ’this text. The following brief 
discussion may help to fix in mind the important points. 

Flexure. It is a matter of common observation that a loaded 
beam deflects or sags between the supports. This is most evident in 
wood beams, but is true of beams of all materials. This deflection 
stretches the fibers at the bottom of the beam, i. e., produces tension; 
and shortens the fibers at the top of the beam, i. e., produces com- 
pression. Somewhere between the top and the bottom the fibers 
are neither stretched nor shortened, hence there is no stress; this 
^ place is called the "neutral axis" and passes through the center of 
gravity. In I-beams and channels the neutral axis is at mid-depth. 
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This is also true of rectangular wood beams. The intensity of 
stress — tension or compression — ^corresponds to the amount of defor- 
mation — lengthening or shortening; hence, the intensity varies with 
distance from the neutral axis, being zero at the neutral axis and 
maximum at the extreme fibers* at the top and bottom. This is 
illustrated in Fig. 71. The stress on the extreme fiber — not the 
average stress — governs in designing. The working or unit stress 
allowed is 16,000 pounds per square inch in both the tension and the 
compression flanges. (See Unit Stresses, p. 51.) 

In Fig. 71 assume that each arrow represents the stress on a unit 
area, the length of the arrow representing amount or intensity of the 
stress. To find the resistance of the beam to bending it must be 
remembered that the resisting moment is the sura of the moments 

of all stresses about the neutral 
axis. Under Strength of Beams, 
in ‘‘Strength of Materials,’’ Part 
I, it is shown that the resisting m<?- 
ment is expressed by the formula 
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Fig. 71. GraphionI R<*prosrntafciou of Strc88€‘s ID 
the Fibera of a Beam 


3 / = ^^ 


in w’hich M is resisting moment in inch-pounds; / is the moment of 
inertia in terms of inches; c is the distance from the neutral axis to 
the extreme fiber in inches; and S is the maximum fiber stress, that 
is, the stress on the extreme fiber in pounds per square inch. From 
this formula the resisting moment of the beam can be computed. 

Assume a 12" I From the handbook the value of I is 

215.8. The distance from the neutral axis to the extreme fiber is 
6 inches. The allowable unit stress on the extreme fiber is 16,000 
pounds per square inch. Then 


..SI 16,000X215.8 „ 

. M = = — — = 57o,467 in.-lb. 

c 6 

When the unit stress S, resulting from a given bending moment, 
is required, the formula is transposed into the form 



'^rbe term extreme fiber ie coireotly used in relation to wcMxlen beams as wood Is a fibrone 
material. Steel is not a fibrous material but tbe term expresses the idea clearly and is generally ' 
usmI. 
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Assume that the bending moment is 500,000 inch-pounds and that 
tlie beam is 12*^ I 31^^, then, 

500,000 X6 ^ „ 


Vertical Shear. Fig. 72 illustrates a beam with a heavy load 
applied close to one support. There is a tendency for the part on 
the left of the vertical plane a a to slide downward in relation to the 
part on the right. This is prevented by the shearing resistance of 
the beam. This shearing tendency exists throughout the length 
of the beam but is greatest near the supports. In this ease the 
maximum shear is adjacent to the right support at a a and is 
assumed to be 45,000 pounds. It is resisteil by the strength of the 
steel at this section. The average stress o\vr this section is the 
total vertical shear divided by the area and is expressed by the formula 




_L" 




] 


\ = -r 

# A 

in wliich S, equals slicaring 

, 72 DiaKrain IlluHtrntinK HItf nr on a Utqtt) 

stress per square inch; V equals 

total vertical shear; and A equals area in square inches. 
Ilut it can be shown that the shear is not uniform over this area, 
being zero at the extreme fiber and a maximum at the neutral axis. 
The exact maximum value is difficult to ( oinpute, but it can be 
determined approximately by assuming ti it the entire shear is 
resisted by the web of the beam (see Resisting Shear, ‘‘Strength of 
Materials” Part II) ; then the above formula is us«^d, making A equal 
the area of the w^b in square iiu'hes,. In this case assume that the 
beam is 12'^ I 31 j#. The area of the web is apjiroximately 12"X 


.35*'=4.2 sq. in. Then S,== 


45, (KK) 
4 2 


or 10,714 pounds per square 


inch. The allowable value given under Unit Stresses is 10,000 
pounds per square inch, and the beam is over-stressed in shear. 

If it is desired to compute the maximum resistance to shear for 
this beam, the formula is put in the form 

V=S,XA 

and for this case 

V ^ 10,000 X4.2 = 42,000 # 

A beam subjected to an excessive load would not fail by the 
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actual shearing of the metal along the plane a a but by the buckling 
of the web. This has been taken into account in establishing the 
unit stress. 

Deflection. As previously stated, a beam which is subjected 
to bending stresses must deflect a certain amount. The amount of 
deflection depends on the load, the length of span, and the section 
of the beam. It is expressed by the formulas: 

(1) For a uniformly distributed load 

^ 384 El 

(2) For a load coiu’entrated at center of span 

, 1 WP 


in which d equals deflection in inches; IF equals total load in pounds; 
I equals span in inches; I equals moment of inertia; and E equals 
modulus of elasticity equals 30,000, (X)0. 

Modulus of Elasticity. The modulus of elasticity is the ratio of 
the unit stress to the unit deformation. If a piece of steel one inch 
square and ten inches long is subjected to a tensile stress of 20, (KX) 
pounds, the unit stress is 20,000 pounds per square inch. The steel 

is elongated about inch and, therefore, the unit deformation, or 
150 

the elongation of one inoh in length, is r-— inch. Then the ratio of 


unit stress to unit deformation is 


20,()()0 


= 30, 000, 000. This ratio 


has been determined by experiment. It is the same for both tension 
and comj>rcssion. Other materials have other values. 


CALCULATION OF LOAD EFFECTS 

Unifonnly Distributed Loads. The first step in designing a 
beam is to determine the- bending moments and shears resulting 
from the assumed loading. The methods of computing them are 
given under External Shear and Bending Moment, '‘Strength of 
Materials,” Part 1. 
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Jaiats. The loads on joists are usually distributed uniformly 
along the length of the beam. Assume that the simple beam. Fig. 
73, has a span and supports a load of 800 pounds per 

lineal foot. 


Total load = IF = 17.5 X 800 
= 14,000# 

Since the load is uniformly distri- 
buted, the reactions are equal: 

n, = i?, = I ir'= = 700i)# 



je, A? 

Fig 73 diagram of IVtim Uuiformly lioadod 


The maximum bhear occurs adjacent to each support and its 
amount is the same as the reaction, hence and have tlic* same 
values as and 

The maximum bending moment occurs at tlic inid<He of the 
span and has a value 


3I = JLX-~WX~ 


lt,X 


Wx 


17.5 


17.5 


M = 


= 7000 X8.75 = 61,250 ft.-lb. 

= 7000 X 4 . ;i75 = .‘50,625 ft.-lb 

30, (L’") ft .-11). = 3(17,500 iiK-lb. 


The formula for this bending moment is 

J/= I ir L= J Xl4,0(X)X 17.5 = 30,025 ft.-lb. 

Cantilever Beam, Fig. 74 re[>resents a cantilever bc*fiin support- 
ing a uniformly distributed load. Assume 
the length L of cantilever to be 
and the load, 8(X) pounds per lineal foot; 
then 

ir = 8. 75X800 = 7000# 

7000# 

The maximum bending moment is at 
the support, and therefore 

Jf = |FX^=70(X)X4. 375=30, 625 ft.-lb. 

Compare these results with those obtained for the simple span 



-L-a-s" 

Fig. 74 Diitgrain of Cantilover 
Uniformly Loaded 
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having tlie same load per lineal foot* The span is one*half as much^ 
wliile the shear and the bendhig moment are the same. 

CovihLmiion Simjjle and Cantilever Beam. A beam resting on 
two supports, projecting beyond one of them, and supporting a uni- 
formly distributed load is represented in Fig. 75. Assume the 
span L between supports to be the length U of the canti- 

lever to be 8'-9", and the load 800 pounds per lineal foot; then 
1F=(8(X)X17.5)+(800X8.75) =21,000# 

The rea(’tions must be determined by the method of moments. 
Take the moments about R^. For the positive moment the lever 
arm is the <listance from R^ to the center of gravity of the entire 
beam, viz, 13.125 feet; therefore 

Positive moment = 21,000 XI 3.125 = 275,625 ft.-lb. 



^ Fitf 75. An OvcrhaiigniK Beam with Shear and Moment Diajsrarna 


rhe oegative moment must equal the positive moment; then 

i?,XL=275,625 

and the value of if, is found by dividing the poative moment by the 
distance L 'between supports. 


15.750# 


Therefore 



steel construction 


Now since the sum of the reactions must equal the total load, the 
value of iij can be determined by subtracting from W; then 
= 21 ,000 - 15,750 = 5250 # 

This value of can be checked by taking moments about R^, 

The position of the maximum shear is not self-evident so the 
shear values must be computed. = 5250. Proceeding toward the 

right, 800 pounds is deducted for each foot, so the shear becomes 
zero at 6.5625 feet from /?,; continuing to a point just to the left 
of Tfj, the value of the shear is 

rj = 5250-(800Xl7.5) = -8750# 

Continuing, to the right, add the value of R^; then tlie value of the 
shear is 

-8750+15,750= +7(X)()# 

Continuing, the shear reduces at the rate of 800 pounds per lineal 
foot, becoming zero at the end of the cantilever. The above values 
are shown graphically on the shear diagram. 

The maximum positive bending moment is between R^ and R^ 
at the same position as the zero shear. Its valiu^ is 

f+5250x6.5625 = +34,448] 

U + 17, 224 ft.-ll), 

-- 800 X 0 . 5025 X 1 7,224 J 

The maximum negative bending moment is at R^, Its \alue 
computed on the right is 

-800 X8. 75X^,— = -:i0,025 ft.-ll). 

Qt computed on the left ia 

>5250X17.5 =+ 91,875 

. = -;i0,025 ft.-ll). 

800X 17. 5xi^= -122,500 

The moment diagram can be constructed by computing the values 
at points one foot apart and plotting the results. From this dia- 
gram it will be noted that the bending moment changes from positive 
to negative at the point a?. This is called the ^*point of contra^ 
fiexure’’ and in this case it is located 13.125 feet from 
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It is usually easier to compute the bending moment for simple 
spans uniformly loaded from the formula 




WL 

8 


and for cantilevers from the formula 



For the combination span illustrated above, the maximum negative 
moment may be computed from the cantilever formula. But the 
maximum positive moment cannot be expressed in a simple formula 
and must be computed by means of the summation of moments as 
illustrated. 

EXAMPLES FOR PRACTICE 


1. A joist has a span of 21 feet. It supports a floor area 
feet wide. The floor construction weighs 115 pounds per square 


i 

1 

11 


1 -1 

_ 


5 'O' 

^ -1- — 4^0 — 


Fig 70 ITniforuilv Ix)adt^<J Beam Overhanging at Both Ends 


foot and the live load to be supported is 50 pounds per square foot. 
Compute the shear and bending moment. 

2. What are the maximum shear and bending moment for a 
total load of 80,000 pounds uniformly distributed on a span of 8 
feet; 10 feet; 12 feet; 14 feet; 10 feet? What is the ratio of the 
bending moments for the 8-foot, and the 16-foot spans? 

3. Compute the maximum shears and bending moments for a 
beam supporting a uniformly distributed load of 1 ,000 pounds per 
lineal foot on a span of 8 feet; 10 feet; 12 feet; 14 feet; 10 feet. What 
is tht ratio of the bending moments for the 8-foot and 16-foot spans? 

4. Compute the maximum shears and bending moments for 
cantilevers from the data given for the preceding problem. Com- 
pare the results with those for the simple beam. 

6. Fig. 76 represents a beam extending beyond both supports. 
Its load is 600 pounds per lineal foot. What is the maximum 
shear? What are the bending moments at and if,? What is 
the maximum positive binding moment? 
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6. Construct the shear and moment diagrams for the precwl- 
iiig problems. 

7. Given a span of 20 feet and a bending moment of 50,000 
foot-pounds, what is the total uniformly distributed load? 

S. Given a span of 18 feet and a bending moment of 72,(XK1 
foot-pounds, what is the load per lineal foot? 

Concentrated Loads. Girders in floor construction usually 
receive their loads at points 

where joists connect. ^ ^ 'pr 

Swiple Beam. Fig. 77 rep- 4 - 01 .^^ 

resents a simple beam supporting ^ 

tlie concentrated loads i\, 
and P,. The loads are |||i[^^ 

7\= 60,000# lililllliiiJLiiiiiSic i 

Pj= 80,000# 

P3= 80,000# 

7\= _50.0W)# Fig 77 Simple Honin willi Crmrontratod lo.iii 

Total load = 270,000 # 

To <letermine the reaction ii,, take moments about 

3X60,(KX) = 180,(X)0 
7 X 80,(XX) = 560,000 
llX80,fXX)= 880,000 
15 X 50,(XX) = 750,(XX) 

2.370.000 ft.-lb. 

77 , = ^ j 2 # 

Similarly, to determine the reaction P,, take moments about 77,: 

2 X50, 000 = 1(X),(XX) 

6 X80,000 = 480,000 
10 X80,000 = 800,000 
14 X60,000 = 840,000 

2.220.000 ft.-lb. 

Jl^ . , ^ 1 30 ^ 

Therefore P,+P, = 130,588+ 1 39,41 2 = 270,000# 

which checks with the total load. 


Iiilll! 


Fig 77 Simple Honin willi Crmrontratod lo.iii 
Siieur DiagrHiii 
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The maximum shear occurs at the left of R, and is 139^412 
pounds. By constructing the sheai^ diagram, it is found that the 
shear passes from positive to negative at Pj. This position of zero 

shear establishes the point of maximum 
moment. Computing the moment from 
the loads and reaction on the left 
gives 

+7X130,588 =+914,116 

-4 X 60,000== -240,000^ 

Fig. 78 Cantilovfir Beam with . ^ .. 

ConcuDtratud LoiidM +674,116 ft. "lb. 

Computing on the right gives 
+ 10X139,412 = 

- 4X S0,(X)0 = 320,000 

- 8 X 50,(X)0 =400,(XK) 



+1,394,120 • 

- 720,000 
+ 674,m ft.-lb; 


Cantilever Beam. Fig. 78 represents a cantilever supporting 
the concentrated loads P^ and Fj. 

J{ = 1\+1\ = 30,000+40,000 = 70,000 # 

The inaxiinuin shear is 70,000 at the right of R. Zero shear is at 
the right of Fj. 

The maximum bending moment is at R. It is 

-4 X30,000= -120,000 
-9 X40,000= -360,000 

-480,000 ft.-lb. 

Simple Beams on Two Supports and Projecting at Both Ends. 
Fig. 79 n^presents a beam resting on two supports and projecting 
l)eyond both of them. It supports concentrated loads as shown. 
The loads are 

P,= 15,000# 

P,= 15,000# 

P,= 15,000# 

. P«= 15,000# 

P,- 15>D00# 

P,= 30,000# 

Total r(^ = 105,000# 
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To determine the reaction J?„ take moments alniut R.; 
0X15,000 (i^ = 00,000 
4X15,000 (P.) = 60,000 
8X15,000 (P,) =120,000 
12X15,000 (P.) =180,000 
16X30,000 (P.) =480.(KK) . 840,000 ft.-lb. 
- 4X15,000 (P,) = - 60,000 

Moment of reaction P,= 78(),000 ft.-lb. 



Pig. 79, OvcrhoDging Boam ^ It h Consent ruifd I A>ud». Shi i»r 
aud Mumeui I^iugraitiii 


05,000# 

To determine the reaction P„ take moments about 7f,: 
0X15,000 (P,)= 00,000 
4X15,000 (P,)= 60,000 
8X15,000 (/',) = 120,000 
12X15,000 (Pj,) = 180,000 
16X 15,000 (P,) = 240,000 600,000 ft.-lb. 

- 4 X30,000 (P,)= -120,(M)0 

, Moment ei reaction^, = 480,000 ft.-lb. 

9t 
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Therefore 

= 40,000# 

The shear values are 

K, = 15,000 

Fj = 10,000 

F,= 20,000 

F, = 30,000 

Zero shear occurs at P^. 

The heiuHii}' moments are maximum negative at and 71, and 
maximum positive at Their values are 

util, M= -4X15,(K)0= - 00,0(H)ft.-ll). 

at 71, -4 x 30,{K)0= - 1 20,(K)0 ft.-lh. 

r+4 X 40,000 = + 160,000 
at 1\ M = \ -4Xir),(K)t)= - 60,0(M) 

1-8X1 5,(X)0 = - 120.0 (X) - 20,000 ft.-Ib. 

From the last result, it develops that the bending moment at is 
minimum negative (not considering the ends of the cantilevers) and 
not maximum positive. Hence there is no reversal of moment in 
this case. The moment diagram shows this 

EXAMPLES FOR PRACTICE 

1. Solve the preceding case for* the following loads: Pj = 

10,000#; 10,000#; i'g- 15,000#; P, = 20, IKK)#; ^5 = 20, 000#; 

Pg=l5,(K)0#. Construct the shear and moment diagrams. 

2. What are the maximum shear and bending moment for a load 
of 40,000 pounds at the center of an 8-foot span? Of a 10-foot 
span? Of a 12-foot span? Of a 14-foot span? Of a H>-foot span? 
What is the ratio of the bending moments for the S-foot and 16-foot 
span^ 

Compare these results with those from the second problem 
under uniformly distributed loads and note that the bending moments 
are the same though the uniformly distributed jload is twice the 
concentrated load. 

8. Compute the shear and bending moment for two loads of 
40,000 pounds each, plac^ciat the third points of a 16-foot span; at 
the ^u^rter points. Compare wilh the preceding problem. 
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4. A load at the center of a 2()-foot span produces a bending 
moment of 200,000 foot-pound^. What is the load? 

6. Two equal loads at the 
quarter points of a 20-foot span 

produce a bending moment of fll l il lllll l l P ' hlll lil 

100,000 foot-pounds. 'What are i l, <W ii | .ll l lF«iH I , ^ 

the loads? ^ 

Combined Loads. Under 
^'combined loads’’ are considered 

the combinations of uniformly distributed an<l concentrated loads, and 
of uniformly distributed loads on parts of vspans. In computing 
moments in these cases, the uniformly distributed loa<l may be con- 
sidered as concentrated at its center of gravity, Fig. 80, unless the 
center of moments is within the 
space occupied by the load, in 
which case the parts of the load 
to the right and to the left of the 
center of moments must be eon- 
sidered as concentrated at their 

respective centers of gravity. Fig 81 Siinplo Uoam Varmble Ix>a4l 
Thus, if the center of moments 

is at or the concentrated load P is used; l)ut if the center 
of moments is at 0 tlie concentrated loads aiul P^ are used. 
The same principle applies if the distributed lead is variable instead 
of uniformly distributed, Fig. 81. 

Full Length Distributed Load 
and Concentrated Load. Fig. 82 
illustrates a beam wdth a uni- 
formly distributed load full 
length and a concentrated load, 
as shown. 

Total load = 10,000 jjt (u.d.) 

+ 10,000# (con.) = 20,000# 

Moments about Jff, are 
10X10,000=100,000 
15X10,000=150,000 

250,000 ft.-lb. 
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Therefore -12,500# 

J{,= 20,000 -12,500 = 7500# 

Maximum shear is 12,500#. Zero shear occurs under the 
load J*. Hence this is the point of maximum bending moment. 
The bending moment computed on the right is 
+5 XI 2,500 =+02,500 
-21X5 X500= - 6,2r)0 


50,250 ft.-lb. 

The bending moment computetl on the left is 
+ 15 X 7,500 =+112,.500 
- 71X15X500=- 60,250 



Fig SJi, Simple Bifom with Two Ratfn of l^niformly Dustnbuied Load 


Two Uniformly Disiribvied Loads Not Overlapping. Fig. 83 
iHustnitcs a beam with one uniformly distributed load on part of its 
length and another load on the remainder, as shown. The total load 

on the beam is 600= 8400 

7X1000= 7000 
Total load = 15,400# 


400 
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Moments about are 

7 X8400= 58,800 
17^X7000 = 122,500 

181,300 ft.-lb. 

Therefore [,’^ = 8633# 

Moments about i?, are 

3iX7000 = 24,500 
14 X.S4(X)= 11 7.000 


Therefore 


142 ,^ 

21 


142,100 ft.-lb. 
= 0707# 


R, + R, = G7G7+803.3 = 1 5,400 # 


Maximum shear is 8033. 


Zero shear occurs at a j)oint 


6707 

COO 


or 


11.28 feet to the right of J{^. Hence this is the point of maximum 
bending moment. 

The bending moment computed on the right is 


-i-9 72 X 8633 = +83,013 

_“_^X2. 72X000=- 2220 

Ji 


- 0 . 22 X 7000 = - 43..)40 - 4.' , 700 


+.38,153 ft.-lb. 

The bending moment computed on the left is 
+ 11.28 X6767 •!=+7G,.332 

-li^Xll .28 X 000= -.38,100 

+38,106 ft.-lb. 

Tu'o Distributed Loads and Concentrated Loads. Fig. 84 illus- 
trates a beam with one uniformly distril)uted load for part of its 
length, another load for the remainder, and a concentrated load as 
shown. The total load on the beam is 

' u.d. 12X1,000= 12, (XX) 

u.d. 4 X 500 = 2,000 
concentrated =10,000 

Total load =24,000# 


m 
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Moments about /?j arc 



6X12,000 = 72,000 
12 X 10,000 = 120,000 
14 X 2.000 = 28,(X)0 


Thcn'fore 


220, (HK) ft.-lb. 


11 , 


IC) ' 


12.750# 


Moments a!>out H, are 

2 X 2,000 = 4,(X)0 
4X10,0<M)= 40, (XX) 

10 X12,(X)0= 120,000 

164, <KK) ft -11). 


I’herefore 




^.(X)0 

16 


= 10,250# 



- -4 

Fig 85. Simple Beams with Vanablc Loads 


Maximum shear is 13,750^* 
Zero shear occurs at 10.25 feet 
from 7f,. Ileuce this is the 
poiijt of maximum bending mo- 
ment. 

Tlie bending moment com- 
puted on the left is 

+ 10 25 XI 0,250 =+105,002 
~ 5 125X10,250=- 52,531 

52,531 

ft.-lb. 

This value is to be checked by 
computing the bending moment 
on the right. 


EXAMPLES FOR PRACTICE 

I- Compute the bending moments for the loads illustrated in 
Fig. 85. Compare results with a uniformly distributed load. 

2. A beam 20 feet supports a load of 250 pounds on the 
first 5 feeta 400 pounds on the second 5 feet, and 360 pounds on the 


m 
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remainder. What is the maximum shear? What is the position of 
the maximum bending moment? 

3. What is the bending moment on an I-beam 15''X42^X30 
feet long, due to its own weight and to a load of 14,000 pounds con- 
centrated at mid-span? 

Typical Loadings. Tabular Data. When the shear and the 
bending moment can be expressed in simple formulas, it is easier to 
compute from the formulas than from the detailed calculations just 
illustrated. Table II has been compiled for this purpose. It gives 
the common arrangements of loa<ling and the fonniilas for end n^ac- 
tions and maximum bending moment for eac h case. 

Column 1 gives diagrams of the arrangement of the loading. 

Columns 2 and 3 give the end reactions which, for all the cases 
given, are the same as the end shears. When the loa<ling is sym- 
metrical, the reaction is the same at both ends and is one-half the 
total load. Wlien not symmetrical, the values differ at the two 
ends and l)oth are given. 

Column 4 gives the maximum bending moment. 

Column 5 gives the distance in feet from the left support to 
the point of maximum bending moment. 

The symbols used are: 

W = total uniformly distributed or variable’ Inarls in poinuls 

P = single concentrat'd load in jjounds 

L = span in feet 

L, =distance from support to center of gravity of loml on canti- 
lever beams 

M = bending moment in foot-pounds 

Ry^ = reaction at left support 
= reaction at right support 

X = distance from left support to position of maximum bending 
moment 

Simple Loads, WTien a load on a .simple beam is symmetrically 
placed, wdiether uniformly distributed or concentrated, the reac- 
tions are equal, and the maximum bending moment is at the center 
of the span. 

For a simple beam, irrespective of the manner of loading, the 
maximum bendiHg moment and zero shear occur at the same point. 
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TABLE 11 

Reactions and Bending Moments for Typicid Loadings 


1 

FORM OF LOAD 

fijf 

Ft 

MAXiMUM 

3£HD/Na 

MOMENT 

X 

REMARKS 

Lta 

Lba 

m?.WFn.m 
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A 
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The point of zero shear is important only as the easiest means hi* 
locating the place of maximum bending moment. ' , 

For a cantilever beam, irrespective of the manner of loading, the 
maximum bending moment and maximum shear occur at the sup- 
port. 

Illiuftrative Examples. To illustrate the use of TaWe II, assume 
a beam 18 feet long to be loaded from the left support to the middle 
at 320 pounds per lineal foot. 

ir =9X320 =2880# 

r, = if , = 3 IF = J X 2880 =2100# 

\\ = = ilF= 1 X2880 = 720# 

M = Sx WL = A X2880X IS = 7290 ft.-lb. 

Moving Loads, It is sometimes necessary to kitow what posi- 
tion of a ynnving load will produce the maximum bending moment in 
a beam. If it is a single concentrated load, the maximum occurs 
when the load is at the center of the span, as in item 16, Compare 
items 16, 17, and 19. If there are two concentrated loads, as the 
wheels of a traveling (Tanc, the position producing the maximum is f 
shown in item 23. As there indicated, one load is J /> distant on 
one side of the center of the 5^)an and the other is | 1) distant on the 
other side. The maximum bending moment is at the load nearer 
to the center. 

Illustrative E,ravtj)lr, Assume two crane wheels spaced S teet*" 
ceuters, each loaded with 10, (KK) pounds, span 20 feet, to find maxi- 
mum bending moment. From the formulas * 

i?j = 8,000# and B, = 12, -000# ; Z = 8 ft. ^ 

Max. 3/ = 8 X 8000 * 04,000 

Beam tvith Two or More Loadings. A beam may have two or 
more tif the losings illustrated. The respective reactions for the 
combined load^' are the sums of the corresponding reactions for the 
separate loadings. This applies in all casest The maximum bend- 
ing moment for the combined loads is the ^m of the moments for 
the separate loadings, provided the positions of the maxilnums for 
the SfimraJte loadings are the ittW. Generally this condition occurs 
only when all the load%are aymmetrical about the center of the 
span, or for cantilever beafib* 
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EXAMPLES FOR PRACTICE 

- 1. What is tlie bending moment of a concentrated loud of 
89,000 pounds at the center of a span long? 

2. What are the shear and bending moment of a load of 21 ,000 
pounds at the quarter point of a span 19 feet long"^ 

3. A bedm is loaded at 750 pounds per lineal foot on the two 
epd-thirds. What is the bending moment? 

4. A beam carries a uniformly distributed load of 1S,(KK) 
pounds and a center load of 90fH) pounds. Span 10 feet. What 
are the reactions and maximum bending moment? 

5. A crane girder has a span of 20 feet. The \vh(‘(»l load is 
30,0(K) pounds. The wheel base is 10 feet. Whut is the ])osition of 
loads for lUaxiipum bending moment? What is the amount of the 
maximum bending moment? 

CALCULATION OF RESISTANCE 

Factors Considered. Having cleterrnined the shear and licnding 
moment to which a beam is subjectetl, the next step, logically, is to 
“ determine the dimensions of the section wdiicli will resist thenu 
The resistance to hemling is first provided for. as this ttsuall.v govern:, 
in the design of the rolled beam section. Tlicn llu‘ shearing resist* 
mice is compared with the shearing stress to make sure that it is 
sufficient. To investigate the resisting rmntani in com})l(‘te d(*tail 
wcMua require the following operations: 

' (1) AHbumc maximum unit stress />» c*x1o*im‘ IiImt 

(2) A^urnc section of beam, and coini)ul<* its inc»nn*rd of 
(']) ftom these values compute the resist in^ moment (ho 
assumed section 

<4) Compare this resisting inurnent with th<; bonding iiKnnont 
(o) Repeat the operation until a resisting mumeiit is founrl which 
equals or slightly cxcixjds the bending moment 

This procedure, w’ith some additional s*teps, is follow'cd in the 
case of riveted beams, but for rolled beams the tables in the hand- 
books and elsew’here give resisting moments and various other 
properties of the sections so that the operations are much simplifie<l. 

Resisting Moment. The resisting moment of any beam is 
determined from the formula 

c 
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as stated on p. 78 and demonstrated under Resisting Moment in 
“Strength of Materials” Part L This formula may be changed to 
the form 

l^M 
c S 

which stated in words is 

7)1 07)) cnf of inertia _ renisiinq moment 
one~half the depth unit stress 

Section Modulus, In the expression just given - is called the 

c 

“section modulus,” (p. 89). Its values for I-beams, channels, and 
angles are given in the handbook. Since the resisting moment must 
be equal to or greater than the bending moment and, since the value 
of the unit str(*ss has been established, the value of the section 
modulus can be coni[)uted and the section selected from the tables. 
For example, the allowable unit stress in bending on the extreme 
fiber is 1(),0(K) pounds per square inch; assume a beam subjected 
to a bending moment of 1(X),000 foot-pounds; since the section 
modulus is in terms of inches, the bending moment must be expressed 
in inch-pounds and for this case becomes 1,200,000 inch-pounds; 
then the section modulus required is 

c « iu,o()o 

Referring to the tables for I-beams it is found that the ^section having 
the nearest higher value of the section modulus is 

ir/ I GO# 

Kxpressc<l in simple words the operations are; 

(1) Multiply the bending moment of the beam by 12 to reduce it to inch-pounds. 

(2) Divide this by lU.lKX) to dKerinme the required section modulus. 

(3) From the tables select a section v^hosc* section modulus is equal to or greater 

than the requu^ value. 

T(dndar Values for Resisting Moments. For a given unit stress 
each section has a definite resisting moment which is computed from 
the formula 

c 

The values of the resisting moment are not pven in all of the Imna- 
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books. They are given in Table III, based on a unit stress of 10,00(1 ^ 
pounds per square iiicB, and expressed in faot-jxytmih. Tliis shortens 
the ‘operation of selecting a section, it being necessary only to 
choose a section whose rt^sisting moment is equal to or gn^ater than 
the bending moment produced by the load on the beam. 

For example, assume a bending moment of 30,025 foot-pounds. 
Referring to Table III, the beam having the nearest higher resisting 
moment is 10'' I 25 whose resisting moment is 32,r>(X) foot-pounds. 

If the load on the beam is uniformly distributed, the eompu- 
tations may be still furtlier shortened ])y means of tables gi\en in 
the handbooks. These tal)les give the safe loads iinifonnly dis- 
tributed for various lengtlis of spans. The ('"arnegie handbook has 
formerly given these values for I-beams, channels, angles, tees, and 
zees in ions but in the 1913 edition tliey ar<‘ gi\eu in ihonsatuls of 
'pounds. The Cambria handbook gives tbe valu(\s for I-beams and 
channels only and e\i>resses them in pounds. For example, a beam 
20 feet long supports a load of 700 pounds p<T lineal foot. 'I'he t<»tal 
load is 20X7(M) = 1 b()(K)^. From the tables the size of beam \s 
foun<l to be 10"' I 30fjf. 

EXAMPLES FOR PRACTICE 

1. Two angles are required to support a load of 4200 pounds 
uniformly diatributed on a span of fe<^t. Detonnino tin; s<‘ction. 
by means of the section morlulus. 

2. A channel having a span 12'-(r long is requinsl to support 
a concentrated load of 17,900 pounds at the middle point. What 
section is required? 

3. Determine the sizes of beams reejuired for the coriditioihs 
given in the problems on p. 97. Vse tlie simplest of the three 
methods given above, and check the results by one of the other 
methods. 

Application of Tables to Concentrated IjmuLh. By careful 
study of the moment factors given in Table II, the designer can 
adapt the tables in the handbooks for uniformly distribuU;d loads 
to other forms of loading. Thus a concentrated load at the center 
of a span produces the same bending moment as a uniformly dis- 
tributed load of twice the amount; then to use the table select a 
beam whose c;^lpacity is twice the amount of the concentrated load. 
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TABLE 111 
Strength of Beams 

I-Beama; CbAnnclR; Angles; and Tees 


Length ExtnwWh 
for l)cH^ion for Beaiiw without 
b»t«rml Support 


27''! H.i// 

uri 115// 
110 


114, -/K) 


32 S, 4 (K) 

;U 2 . 4()0 
204,:)00 
2 . 10,700 
21H,H00 
JKVMK) 
232 , (MX) 
2 11 , .KM) 


180,000 
Km, 100 
l.Vl.fXX) 
181,000 
K» 6 , 1 (K) 
1 . 51 , KX) 
1 . Mi , 800 
l-2f),(KK) 
93.WK) 


21 ' I 5 ?;// 1227 5 110 0 155 , <MK) 75 , (KK) 


20" I m)/f 

05 

00 

S 5 

80 


IS" I 

85 

SO 


15 " I KHl// 
05 


220 , S(X) 
211,:MH) 
207 , 7 (X) 
201 , 2 (X) 
105 ,(XK> 
\m:M) 
102 , 7 (X 1 
150 , (XX) 

1 S 0 , 7 (K) 
1 S 0 ,S(X) 
175 , (XK) 
KVl.KX) 

I Mi,.)(K) 
i;M»,fXX) 
121 , 7 (X) 
117 ,'X )0 
10 S, 7 (X) 

ltX),l(X) 
155 , ^(X) I 

150.300 

145.300 
111,500 
122,000 
118,000 
113,100 

108.300 


M.ll 72.000 


17 (i, 8 (X) 
K» 2 ,(XX) 
147 , 4 (X) 
132 , (MX) 
1 ‘ 20 ,(XH) 
12<^),S(K) 
115 , (XX) 
1 (X ),000 

1 45 ,:MH) 
i;u),. 5 (X) 

1 1 . 5.900 
101 , 2 (X) 
129,400 
114,700 

1H),1)(X) 

82,800 

5 S,(K )0 

177 ,tK )0 
102,800 
148 , (XX) 
13 : 1,400 
121,500 
132,300 
117,000 

102.900 
8 S .500 


When When 
ljuaded Loaded 
to Full to Half 
Capacity (Capacity 


H In. Ft lu 




XIO 
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Strength of Beams 

I-BcHnw; H-Section»; Channels, Angles; and Toes 


SECTION 

Moment 

of 

I 

1 

Miidlihiii 

RcBisting 
Mniru'iit 
BitHcd on 

1 nit Straw 
of 1C,<X)0 
Lh |»r 
S<^. Inch 

Bliearitiit 
RosaUur« 
of Web 

Btronsth 

of 

Sunilard 
End i'uit- 

EKireine I^ongth 
for DnHvrtion for 
rioMtered OiIiuk* 
Limit 1 )Ud Slum 

Extrema l,«nKtb 
for Baamii without 
liatami Support 

1 J, 

1 c” 

1 

at 10.000 
Lb per 

Sq Inch 

n<M.‘tH>ni ' 
Amiinean 
Br)dis« 
Clo. IDll 

Uniformly 

Disinli- 

For 

Center 

l^uiul 

Whan 
Loniled 
to E\ili 

Whoa 

Lmuled 

tuHnIf 





utad l.tiHd 


Caiiarity 

Capacity 


(hi)< 

ill! ) > 

l-\-U. 

ruuiid« 

PouimIs 

Ft 111 

Ft In 

Ft In 

Ft In. 

12' I .w/'/ 

321.0 

M5 

71, IKK) 

98, WK) 

20,500 

21~0 

16-0 

9- 4 

28- 1 

.V) 


50 0 

67, .500 

83,900 



9- 2 

27- 5 

45 

2H.5 7 

47 0 

(k5,.5(K) 

69, KK) 




8-11 

20-10 

10 

2()S 0 

44 8 

,59,700 

5.5, 2(K) 


14 

“ 

8- 9 

20- 3 

,15 

22S3 

3S0 

50,700 

52, IKK) 


“ 


8- 6 

25- 5 

aii 

215 8 

36 0 

^S,0(K) 

42,000 

44 


“ 

8- 4 

25- 0 

27 i 

109 6 

;5:5 3 

44,4(X) 

3S,200 

23.9(X) 

“ 

‘‘ 

8 -4 

2.5- 0 

1()*I wji- 

1.58 7 

31 7 

42,:kk) 

71,900 

17,7(K) 

20 0 

I3~ 1 

S 0 

25-0 

■55 

146 4 

29 3 

39,l(K) 

0(),-2(K) 

“ 


8-3 

24 9 

:5o 

1512 

20 8 

.^5,7(K) 

45,.5(K) 


“ 

it 

84) 

214) 

25 

122 1 

214 

.32,.5fK) 

31, (XX) 

.4 

" 


74) 

23-t 

22 

11,5 9 

22 8 

30,400 

23,2(X) 

17,400 

4< 


7-9 

234 

I ;{.•)./ 

1118 

21S 

33.1(K) 

05,1KX) 

17,700 

IS 3) 

12 0 

7-11 

23-10 

;«» 

101 9 

22.0 

30,1(K) 

51,2(X) 

44 


11 

7- 8 

’.'I- 0 

25 

91 9 

20 4 

27,200 

36,ri00 

“ 


4. 

7- 5 

.2- 3 

2! 

SI 9 

18 9 

25,200 

26, KX) 


“ 


7- 3 

1- 8 

S'l 2-. 5^' 

OS 1 

17 I 

22, MK) 

43,3(X) 

17,700 

44 

16 0 

16 8 

7- I 

21- 4 

23 i 

015 

10 1 

21, KK) 

3.5, IKK) 


14 

7- 0 

20-11 

2i)J ; 

00 0 

15 1 

20, KK) 

2S,(XX) 

44 



6- 10 

20- 5 

IS 

.50 9 

112 

18/HK) 

2l,fXX) 

44 


4. 

(5- 8 

20- 0 

17i 1 

58 3 

110 

19, .VK) 

Ki,8(X) 

15,«(V> 

“ 

! 

7- 3 

21- 8 

r 1 20 // 

42 2 

121 

10,100 

32, KX) 

17,7<H 

14 4) 1 

9 4 

0-5 

ID- 4 

17i 

39 2 

11 2 

14,9(K) 

21,7(K) 

14 



6-3 

18-10 

15 

30 2 

10 4 

13,<K)0 

J7,.5(X) 

“ 

" i 


0-1 

18- 4 

O'l 171 f/ 
Hi 

20 2 

87 

11,000 

2S,5(X) 

S,S(M) 

12 0 1 

8-0 

7-2 

21-5 

24 0 

SO 

10,7(K) 

21, KX)" 

44 


“ 

,5-9 

17-3 

12i 

21 8 

7 3 

9,700 

1.3,800 

8,000 


44 

5-7 

10-8 

o'l nU 

15 2 

01 

8,100 

25,2(X) 

S,8(K1 

10 0 1 

0-H 

5-0 

l(V-6 

121 

13 6 

i 54 

7,2(K) 

17,S(X) 

44 


“ 

6-3 

15-9 

91 

12 1 

>i8 

^ 0.4(K) 

1 10,.5(X) 

1 7,9(X) 

J 



1 64 ) 

ilW) 

4'I lO'j# 

1 

7 1 

3 0 

4,800 

1 10,400 

H,S(K) 

8-0 

1 5-4 

' 4~K) 

\ \4-5 1 

9i 

67 

34 

4,500 

13,5(X) 

14 

ii 

ii 

4- 8 

14-0 

04 

32 

4,1300 

10,500 

14 

4t 

(4 

4- 7 

13-8 

7i 

6.0 

3.0 

4,000 

7,000 

7,100 

<1 

ii 

4- 5 

13-4 

3'I 7}# 

29 

19 

2,500 


8,800 

6-0 

4-0 

4- 2 

12-7 

61 

27 

18 

2.400 


<1 

44 

Ii 

4- 0 

12-1 

5 } 

25 

1.7 



6,400 

44 

i4 

3-11 

11-8 

H-«'-34.0# 

115.4 

2S.9 

38,500 

30,000 

B 


10-8 


— 

6'-23^ 

45.1 

15.0 

20,000 

18,800 



KSl 

— 

— 

5MS.7 

233 

9.5 

12,700 

15,600 




— 

— 

4'-I3.6 i 

10 7 

5 3 

7.100 

12.500 

■ESI 

1 8-0 

5-4 

— 

— 
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TABLE Hi (Cantinued) 

Strength of Beami 

I-Beams; Channels; Angles; and Tees 



Moment 


of 

HI-CTION 

Inertia 


Marluluii Bttod on 
1 I lutHln’m 
V of 10 (KM) 
fib |)er 
Sq locb 


of Web 
at 10,000 
Lb per 
Sq lucb 


40 402 7 5 :J .7 71,000 ' 10«, 000 

45 375 1 50.0 Of ), 700 93,300 

40 ;m 5 40.3 01,700 78,000 

;i 5 320 0 42 7 50 , 1 K )0 fi 3,900 

33 312 0 41 7 55 ,«(K) 00,000 

ir C 40 // 107 0 ;»2 8 48,700 01,000 20,500 

:« 179 :» 29 9 39 , IKK) 70.300 

30 101 7 20.9 : 15 , 1 HK) 01,000 

25 144 0 24.0 32 ,(KX) 46 ,H(H) 

20 i 12 S 1 21 4 2 .S ,.'>00 :«,fl 00 26 ,ai 0 

10 * c 35 // I lin:> 23 1 30,800 I 82.300 I 17,700 

67,000 


55,400 17,700 

40.700 
25,900 

20.700 17,200 


Extreme Length 
for Detteotion for 
)*laetered C^Iuiri 
l^mit 1-300 Span 

For 

Uniformly 
liieirib- 
uted lioail 

For 

Outer 

Load 

iiaDi 

Ft 111 

3(H) 

<< 

II 

20-0 

(t 

11 

fi 

it 

24-0 

li 

u 

16-0 

(f 

14 

If 

- 


13-1 


Ertrems Leostb 
for Beam* wnbout 
Lateral Support 


When W'h«n 
liuailed Loaded 
to FuU to Half 
Caiiacity Capacity 



8 ' L2l\ti\ 

47 H 

11 9 
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TABLE III (Continued) 

Strength of Beams 

I -Beams; H -Sections; Channels; Alights, and Tees 




























TABLE III (Continued) 

Strength of Beams 

H*Sectioa8; ChaunolR^ AiigliH;, and T«h3«i 






















TABLB 111 (Continued) 

Strength of Beams 

I-Beams; H-Sectiotis; Channels; Angles; and Tees 
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This can be applied to designing girders for floor panels. Fig. 
86 shows a section of floor with several arrangements of joista. 
When the girder length is divided by the joists into an even numl)er 
of spaces as 2, 4, and 6 in (a), (b), and (c), respectively, Fig. 86, the 
bending moment on the girder is the same as if the entire panel loa<l 
were uniformly distributed over the length of the girder. W hen the 
girder length is divided by the joi'.ts into an o«ld number of spaces 
as 3, 5, and 7 in (d), (o), and (f), resptv'tively, the bending moment 
is less than if the entire panel load were unifonnly distributed ove' 
the length of the girder. 

pROBLKNf 

'lo prove Uu* foroRoinj? stsitfinonts, ashuiiu* ptiiifls 20 ftM-t Hcpuirc and ft 
load of 100 pounds jkt Bcjuan? foot Coniput<‘ ilu* licndmK inorntMils on thi* 
girder for all the casos illustrated in Fig. 86 



Fig 80, Diugrtims of Ginlcra .*^ho^ing Tvpr*^ of Joist Sputing 


Shearing Resistance. It has been stated, p. 79, that the maxi- 
mum sliear in a beam section can l>e determined approximately by 
assuming that the entire shear is ^e^i^ted by the web of the beam. 
For this purpose the area of the web may be taken as the total depth 
of the beam multiplied by the thickness of the web. Then the total 
resistance V is the area of the web A multiplied by the allowable 
unit shear S, and is expressed by the formula 

^ r=Jxs. 

The unit stress allowed is 10, (XK) pounds per square inch. For 
example, to determine the shearing resistance of a 12' I 40#: 

12X0 46 =5 52sq. in. 
then — 5.52X10,000 = 55,200# 

Problem 

Refer to the pr^lems given^ under bending reHistiince. Compute tbe 
aliearing reaustanoe of the beams and compare with the maximum sheanng strefls. 

US 



STEEL CONSTRUCTION 


109 


The shearing resistance is usually much in excess of the amount 
required. It need not be investigated unless the span is short or 
unless a heavy load is applied near a support so that it prodiu^s a 
small bending moment and high shear. The values of the shearing 
resistance of beams are given in Table 111. By the use of this table 
the shearing resistance of the beam whic h has been selected can bo 
compared with the computed maximum shear on the beam. 

Of more importance is the strength of the standard end ronnee- 
turns for beams. These are discusse<i in a later section of this text. 
Their values are given in Table III. In all eases the strength of the 
connection is less than the shearing strength of the b(»am. Hence, 
the strength of the connection must be <M)inj)are(l witli the maximum 
shear on beams. If the standard eonneetion is not strong enough, 
a special one must be devised and the strength of the web investi- 
gated. 

Deflection. The deflection of a beam njay be of as much 
importance as its strength. If its amount is noticeabh*, it gives 
the impression of weakness. This is e^pc(‘ially true when it slows 
a definite change under the application and removal of live* i iad. 
If the beam deflects unduly, it will cause cracks in the support<*(l 
material. The most common results of too nnich deflection are 
cracks in plaster under the mifldle of joist spans and cracks in tile 
or eonerete floors over the ends of joi *s where they connect to 
girders. This is shown in an exaggerated w^ay in Fig. 70. It is not 
uncommon to find such unsightly cracks in the or marble floors 
of high-grade buildings. It has been deteriniiuMl ex}HTimentalIy 

that plaster will crack when the deflection in - - of the span, i. c., 

d(i0 

1 inch in 30 feet; but a much lower \aluc should he used for masonry 
and for marble floors and ceilings. 

Deflection Forimdas. Deflection formulas (p SO; are as follow.s: 


for uniformly distributed load d 
# 

for load concentrated at center d 


J, Wf 
:mKf 

L ^ 
48 1:7 


in which d b deflection in inches; W is total load; I is length in 
inches; E » modulus of elasticity; and / is moment of inertia. 


119 
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To illustrate their use, assume a 12' span 15 feet, or 

180 inches, h)a<l u. cl. 25,000 ]K>uti<!s. Tlie value of I for this beam 
i.s215.S. Then 

5 25,0( H)y 180X180X180 , 

384^ 30,(KKM){)0X215 8 " 

If we change the load from u. <1. to concentrated 

^ ^ J_ 25,0(K) X 1 80 X 1 80 X 1 80 , 

48 ^ ' '’3'0,(KX),(KK) X 2 1 5 8 ' ’ ' ' 

A comparison of the results shows that the deflection is 1 6 
times as much for the (‘oncent rated load as for the uniformly dis- 
tributed load. If both the abo\c loads are applied at the same 
time, the total deflection is the sum of the two amounts computed 
above, i. e., 

d = 0 29"+0 47^=0 76" 

Formulas arc given in the handlK)oks for other forms of loading, 
but as they are not used often they are not given here. (Concentrated 
loads within the middle thinl may be trcuterl as if at the center, and 
if outside the middle third, as if uniformly distributed. The results 
from this ai)proximate method will be reasonably close to the cor- 
rect values. 

Safe Span Length. Basetl on a maximum deflection of of 

ol)U 

the span, and on a unit stress of ir),0(X) pounds per square inch, the 
permissible span is times the depth for a uniformly distributed 
load and loM times the depth for a center load. Tliese relations are 
correct for sections symmetrical about the neutral axis, as I-l^eams 
and channels. They err on the safe side for unsymmetrical sections, 
as angles and tees, and may be used for them. These values should 
be cousiden^d the extreme lengths for beams loaded to their full 
capacity, it is preferred that shorter lengths be used for several 
reasons: viz, noticeable deflection is objectionable; the greatest 
practicable stiffness is desired; deflection causes stvondary stresses 
in the eonneotions. 

The handbooks, in their tables of “Safe Loads Uniformly Dis- 
tributed for I-l)eams”, limit the span length for deflection to 24 
times the depth. *The designer must use his judgment in this 
matter, giving consideration td "^lie conditions of loading. A con^ 
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venient rule for a u. d. load is 2 feet of length for eaoli inch of depth 
(24 times the depth); and for a ctMitcr load IJ feet of lenglh for 
each inch of depth (16 times the depth). Table III gives the max- 
imum allowable spans for these ratios, based on a unit stress of 
16,000 pounds per square inch. If, however, the unit stress is less 
than 10, (XK) pounds, longer spans may be used. 

In most cases the beam section required to resist the bending 
moment comes well within the limiting length for deflection. It is 
only A\hen a long span has a relatively light load that deflection 
must be considcrcfl. This condition o<*c‘iirs most frequently in joists. 
Girders rankly have (‘\cessive deflection. 

To illustrate such a case, assume a beam of 30-fo*)t s])an sujv 
porting a load of pounds ii. d. The bending inonuMit is ;X),0(X) 
foot-pounds, which requires 10^' I 25^. The length of this licam is 
o6 times its depth, therefore the deflection will be cKccssive. If it is 


decided arbitrarily to make the depth of beam of thc‘ span, the see- 

24 


tion required is Iff' I 42^. This beam, if loatled to full capacity, 
would deflect just to the allowed limit. But the r(‘slsting naanent 
of IT)" I 42 jj: is 79, (KK) fool-])ounds, more than twice the bending 
moment computed alx^e, hence its deflection being in direct pro- 
portion to the load is less than half tliut allow(‘d. Assume that the 

deflection must not exceed 1 Inch, i. e., - ^ of the span. Then try 

dt )0 

12*" I 31J ^ and compute the deflection from the formula 


5 8£KK)>^3()OX3r)Ox300__^j 

384 El 384^ 3(),(K)0,(KX)X2i:> 8 “ 


As the .computed deflection is less than the allowed amount, the 
12-inch I-beam is satisfactory. 

The problem can be solved <lirt‘ctly instead of by trial. 3Van»- 
form the equation to the form 

T_ 5 8(XX)X360x3f;()X3r>0_ , 

384^ Ed 384 ^ 36,(X)0~(X)0Xl 

The beam having a value I next higher than 162 is 12^^ I 31^ The 
handbooks give explanations and tables for aiding the solution of 
this problem. 


X21 
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Attention is called to the fact that usually a joist receives a 
considerable XHTccntage of its load (the floor construction) before 
the plastering is <h»ne. It has already deflected in proportion to the 
load it has received. It is only the subsequent loading and the 
resulting deflection tluit may crack the plaster. Consequently, the 

total deflection might be much greater than ; times the span and 

oOU 


still not cause trouble Nevertheless it is best to keep within this 
limit 

The situation regarding marble or concrete floors is quite 
different. Fig. 70 illustrates in an exaggerated >\ay the joists in 
two panels, connec ting to a cross girder. It takes butlittle deflection 
to cause cracks in the floor over the girder. No definite limit of 
deflc'clion has been determined for this c ase. The writer has ob- 
served an instance wliere the deflection appeared to be less than 


J inch in a sfian of I?! feet (about - ' )• 

oUU 


No definite suggestion can 


be made for taking care of this difficulty other than to make the 
joists as bliir as practicable \Nithin a reasonable cost. Pr()!>ably this 
trouble can best be eliminated by the use of elastic joints in the 
floor over the girder. ^ . 

Problem 

Wliiil I-hojifn isrocniinnl to rtupfwrt, ji ii d loaci of 4.')(K) pounds on a span 
of 21t f(H't, till* pfi iiiihMiljlo dfflcs lion bcsiig * 2 int;h? 


Lateral Support. If the top flange of a beam is not supported 
laterally, it is in much the same condition as a column. It is then 
not capable of supporting the full load given by the beam formula. 
In many cases where the lateral support is not furnished by the floor 
construction, connecting beams, or otherwise, it can be supplied by 
means of tie rods or struts inserted for that purpose. When no 
siK'h lateral support can be provided, the allowable load must be 
reduct'd. 

The handbooks contain tables which give the proportion of the 
total load that may be used for various ratios of length to width of 
flange. They ptTmit tlie full load when the unsupported length is 
less than 20 times the width. 

To illustrate the use of these tables assume a 12^ I 31 20 feet 

long, supported laterally at the center. The unsupported length is 


*122 
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10 feet, or 120 inches. The width of flange is 5 inches. Then the 

120 

ratio of length to width of flange is -— = 24. In the (^amhria 

5 

handbook, the allowable load is 04 per cent of that given by the 
beam formula. 

In Table III, the extreme lengths arc given for beams without 
lateral support when loaded to full capacity and when loaded to 
lialf capacity. Intermediate values can be interpolated. The 
lengths gi\'en are, respectively, 20 and 00 times the flange width. 
InallcQ^cs beams must hace lateuil support at the end hearings. 

PHOHT.EMS 

1. What ia fhe saft* resist in jj; moment of an S' I on a 12-f()\)t spun when 

the lop flunj^e has no lateral support? 

2 The requireil resisting inuinent of a beam is 42,0(M) fm>t-pou!uls, its 
unsiip|K)ited length is 12 feet. VVjiat I-beain is requinnl? 

PRACTICAL APPLICATIONS 

Panel of Floor Framing. Fig. 87 illustrates a typical flonr 
panel in a building. It is desired to in\estigate the various possibK‘ 
arrangements of framing for this panel. Assume that the d(‘ad 
load on the joists is SO pounds per si^uare fc^ including the weight 
of joists (but not the weight of the girders and their fireproofing); 
assume that the Ine load is 100 poiimls j)« r scpiare foot on joists, 
and 8.5 pounds per square foot on girders. 

Scheme (u). Sclieme (a) places the girders on the longer span 
and di\'ideb the panel into 4 parts. The joists are spaced c. e. 

Area supported by one joist *1()X = 80 sq. ft. 

dead load on one joist 80 X 80 = 0880^ 
live Ibuil on one joist 80 X KK) = SlWM)^ 

Total load 

This total load, 15,480 pounds, is uniformly distrihiitisl on a span 
10 feet. The table of safe loads in the handbook indicates lif 

I 25#. 

Tlie girder carries the reaction of the joists on each side and the 
weight of itself and of its fireproofing (assumed at 200 pounds per 
lineal foot). On the theory that the whole flcwir w^ill not be loadeil 
at one time, the live load on the girder is taken at 85 pounds per 
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squafe foot. The length of span is taken at 20'-G*^ (allowance iM'ing 
made for the width of the column). Then the loads on the ginier 
are as indicated in the figure and the bending moments are 


for u. d. load 


4100X201 

8 


= l(),r)(X) ft.-lb. 


for concentrated loads 


f +21, 28;>Xl0i =218,171 
\-14,19()X 52-~70,271 


7\)tal l>ending iiioinent 


= 141,^KH» 

= 152,4C)0 ft.-lb. 


From the table of n^sisting moments, p. 100, 20*^ I 05# is indi<'ated. 

Scheme (6). S<*hcme (b) places the girders on the longer span 
and divides the panel into 3 parts. This requires for the joists 
12^ I 3H#; and for the girders 20"" I 05#. 


EXAMPLES FOR PRACTICE 

1. Determine the sizes of joists and girders required for schena^ 

(c) . 

2. Determine the sizes of joists and girders recpiired for s(*heinc 

(d) . Note that the girders are to be made of two I-beams, This 
makes the span of the joists 

3 In scheme (e) the girder is ]daced the short it si)an, as 
shown. Its net length is 15'-0". Determine the sizes of joists and 
girders. 

4. Determine the sizes of I-beams required for scheme (f). 

5. In scheme (g) it is desircKl tef make the joists and girders 
the same depth. This makes it necessary' to use two I-beams for the 
girder. What sections are required? 

6. Investigate all the beams in the foregoing problems as to 
shear, deflection, and strength of standard end connections. 

7. Compute the weight of the I-l>eams required for one panel 
for each of the above schemes. There is one girder for each panel, 
and one joist for each division of the panel, i. e., four joists for 
scheme (a), three for sclieme (b), etc. The weights for scheme (a) are 

4 KTI 25#Xl5'-ir=1592# 

1 2(r I 65#X20'- 6*^ = 1333# 

8. Which scheme requires the least weight of steel? 
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Choice of Scheme, A number of considerations will affeA the 
final decision as to the scheme to be adopted. The character of 
the floor construction will limit the spacing of the joists. It might 
eliminate schemes (b), (c), (d), and (f). The thickness of floor 
construction may be important, in which case scheme (a) would be 
preferred as to joists and scheme fg) as to girders. The thickness 
of floor may affect its cost and also the dead load to be carried by 
joists, girders, and columns, making the thinner floor preferable on 
this account. A flat ceiling may be required over the entire area, 
in wliich case scheme (g) is applicable. 

Proplem 

A 14 wide and 100 feet lonp is to floored ovor. This floor is 

to bo support (h 1 by joists resting on brick ndc The floor const ruction is 

such that the joisls may Ik* spacctl not more than S fci't c c Total load 200 
pounds per square foot. Dt'UTrnine the most economical si/o and spacing; of 
joists. 

Lintels. Flat-topped openings through brick walls require 
lintels to support the masonry above. Brickwork, after it has 
hardened, will arch over such openings, the part of the brickw’ork 
l)clow the thrust line of the arch being held in place by adhesion of 
the mortar. But there must be some support w'hile the mortar is 
green, or the arch action may be destroyed by settlement, making 
a permanent support necessary. The amount of the load on lintels 
is uncertain. Each case must be decided according to the condi- 
tions. 

Types of Construction, In b'ig. 88 several cases are illus- 
trated. 

Case a is an opening with a solid wall above and at the sides. 
A satisfactory rule in this case is to figure the w’oight of brickwork 
w ithin the triangle whose base <‘quals the width of opening and whose 
slopes are 45 degrees. 

In^case b the shaded area might be entirely siipixirted on the 
lintel over the lower opening. 

Case c represents a spandrel w all betw'een piers. The height of 
the brickwork is less than the width of the opening. The entire 
weight of the spandrel should be supported on the lintel. 

In addition to the weight of the brickwwk, the lintel may have 
to support the epd of a girder as in case d, or it may have to support 
some floor area as in case a. > - 
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Case / shows a section through a wall in which the outer course 
of brickwork is supported by a lintel and the remainder by an arch. 

In the following problems assume the weight of brickwork to 
be 120 pounds per cubic foot. Then for each superficial foot of wall 
the weight is 10 pounds for each inch of thickness. 





EXAMPLES FOR PRACTICE 

1. Design lintel for case a, span 4 feet, wall tliickness 9 inches. 
Use 2 Ls. The horizontal legs of the angles should be 3 J or 4 inches 
wide to support the brickwork properly. See Table 11 for formula 
for bending moment for this condition of loading. 

2. Design the lintel required for conditions given for case 6. 
Assume that the channels carry the entire load. ^ 


m 
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3. What section of I-beam is required for tiie lintel in casec? 
Neglect the value of the plate on the bottom of the beam. 

4. In case d assume a load of 20,000 pounds from the girder in 
addition to the weight of brickwork. What section of I-beam and 
channel are required? Neglect the value of the angle. 

5. In case e assume a load of 2(X)0 pounds per lineal foot in 
addition to the weight of the wall. What section of I-beam and 
channel arc retjuired? The span is the same as for case c. 

0. Determine the angle rt^quired to support the face brick 
across a 5-foot opening. (Case /). (The back is suppip^rted by 
brick arches.) 

Cantilevers. Fig. 89 shows a beam projecting bc> ond the wall 
of a building, that is, a cantilever beam. The projection is 6 feet 




from the face of the \\all. The load to be suspended from the end 
of the cantilever is 10, (KK) pounds. Within the building the beam 
serves as a girder on a span of 16 feet. As such it supports a dead 
load of 1600 pounds per lineal foot and a live load of 1700 pounds 
per lineal foot, 

Prohusm 

Cdfhputo, fmm the data given above, the reactiona and construct the 
moment and shear dnigratns for each of the three follovnng cotnbinations of 
Joading and determine tlie I -beam required: 

(1) Dead load and live load 

(2) Dead load and suspended load 

(3) Dead lo&d, live and suspended load 

Tank Support. Rg. 90 illustrates the framework for supporting 
a w^ood water tknk. Thq..4tank rests on 4^X6^ wood sub-joists^ 
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$piboed about 18 inches center to center. These in turn rest on 
siteel joists. The load on the steel joists may be considered a« 
uniformly distributed. 



To compute the volume and weight, use the outside dimensions 
of the tank. (Assume the weight of water to be C2.5 pounds per 
cubic foot.) This will give some excess which will be sufficient to 
cover the weight of the steel beams. On this basis 

volume ^ 3.1416Xl3X l3^^g^2i25 cu. ft. 

4 

weight *2125 X62.5 = 132,800# 
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This can be used as a check on the sum of the partial loads. The 
loiii per square foot for 10 feet of water is 16X62.5 or 1000 
pounds* 

PltOBLEMH 

1 . Iviiy out an asHuined plan of the framework and the outline of the tank 
accurately to scale. Determine the area BupporU'd by each beam by zneasure- 
ments from tlie scale flrawinns as indicatetl by the shaded areas in the figure 

2 Compute the bending moment and shear for the several joists and the 
girders, and B<*l<‘et 1 he reqmr(‘d I -beams. Check for strength of end connections. 


DETAILS OF CONSTRUCTION 

Connection of Beams to Beams. When one beam bears on top 
of another, tlie only connection reqinrc<l is ri\cts or bolts through 
tlie flange, as shown in Fig. 91. No stress is transmitted by these 






Fig, ftl. Hivftol Con- 
upctioii of Hoh in 1o 
Bt'aui 



Fig 02. Benin CoiinertionH by Means of Sheet 
Steel Clips 


rivets or bolts. They serve simply to hold the beams in position. 
Steel clips are sometimes used for this purpose, Fig. 92, but as they 
are not positive in holding the beams in position they are not as 
good, especially wdien lateral support is required. When this is not 
iinix)rtfrnt, the clips can be used and may effect a saving in cost. 
These clips are most useful for attaching tees and angles to beams in 
ceiling and roof construction. 

Angle Connections. The most common methocl of connecting 
one beam to another is by means of angles riveted to the web. There 
are several sets of standard connections, various concerns having 
their own standards. Thos^,rof the American Bridge Company are 
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given in Fig. 93.* The values given in Table 111 are based 
on these. The two-angle connection is generally used, but when 
beams are used in pairs or when for any reason the two-angle wn- 



Fig 93 Beam Connection Anniret 
by American Bridge f omjtany 

nection cannot be used, the one-angle connection is used. The 
rivets used in the standard connections are J inch in diameter. 

*SubBoquently a different set of otandarda haa bed'll adopted. Scse Carnegie Pocket Cocn- 
penkm, 1013 edition. 
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The strength of the two-angle connection may oe limited by 

(1) Shop rivets in double shear 

(2) Field rivets in single shear 

(3) Shop rivets in bearing in web of joist 

(4) Field rivets in bearing in web of girder 

For example, take the connection for a IT/ I 42#: 

(1) 0 shop rivets in double shear 

6X10,300 =61,800# 

(2) 8 field rivets in single shear 

8 X 4420 = 35,360# 

(3) 6 shop rivets in bearing in web of joist 

6X 4lX.75X2rj,(KK) = 46,125# 

(4) S field rivets in Web of girder; the thickness of the web is not 

given. It must be at least 0.30 inch for a connection on one 
side only, or of twice this thickness if an equal connection 
is on tlie opposite side, in ^ 

ord(T to have the same \ 

strength as the field rivets j | 

in shear. 


Kig 04 Pill to Tlivotrd to Wob of 
to give Additioanl 
BoAring 

The ^hca^ing strength of this connection, 35,360 pounds, coire- 
spondn to the maximum safe u. d. load on a span of about 9 feet. 
It is less than the shearing strength of the web of the beam. It 
rarely happens that the] strength of the connection b less than 
required, and occurs only when the beam is short and heavily loaded 
or when a- heavy* load is applied near the end. Lack of bearing in 
the web of the girder is moft^’ likriy to occur, but this is not fre- 
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Fig 95. I^iagraiUB of Copod Boania 
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quent. If it does happen, however, angles with 6-inch legs may be 
used to provide space for more rivets, or a reinforcing plate may 
he riveted to the web of the girder. Fig. 94. 

Special Connections, When beams on the two sides of a girder 
do not come opposite or are of different sizes so that the standard 
comieclions do not match, it is necessary to devise a special connec- 
tion. If a beam is flush on the top or on the bottom with the one to 
which it connects, the flange must be coped, Fig. 95. A number of 
special connections are sh»)wn in Fig. 96 and need no explanation. 

Connections of Beams to Columns. A beam may connect to a 
column by means of a S(*at or by means of angles on the web. The 

great variety of conditions that 
may be encountered make it im- 
practicalde to liave standards for 
these connections, though the 
work of each shop is standard- 
ized to some extent. 

Seat Connections. The seat 
connection is shown in Fig. 97. 
This seat or bracket is made up 
of a shelf angle, one or two 
stiffener angles, and a filler plate. 
The load is transmitted by the 
rivets, acting in single shear, 
whic*h connect the bracket to the 

Pig 97. SoHttMl Connorl ion of Beam to Column , _ , 

column. Ihe number of rivets 
used is proportioned to the actual load instead of being standardized 
for the size of the beam. Tlic stiffener angles support the horizontal 
leg of the shelf angle and carry the load to the lower rivets of the 
connection. 

Shelf angles are 6 inches, 7 inches, or 8 inches vertical and 4 
inches or 0 inches horizontal, having a thickness of A inch to | inch, 
depending on the size of beam and the load. The leg of the stiffener 
angle parallel to the web of the beam is usually ^ inch or 1 inch less 
than the horizontal leg of the shelf. The leg against the column is 
governed by the gage fine of the rivets in the column. The filler is 
the same thickne^ as the shelf angle. An angle connecting the top 
flange of the beam to the colunai is generally used. It is not counted 
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as carrying any of the load, but serves to hold thdop of the beam 
in position and stiffens the connection. The rivets connecting the 
bottom flange of the beam to the shelf serve only to hold the mem- 



Fig ttS Typtii of Bout long 

bcTs together and make a stiff connecition. Usually there are only 
two rivets in each flange but sometimes larger angles and more 


1S5 








126 


STEEL CONSTRUCTION 


Too 

r( )"( y 
r<Hy 


r 


rivets are used to develop resistance to wind stresses. Pig. ^ gives 
a numlier of examples of seat connections. 

The advantages of the seat cohneetion are 

(1) All shop riveting is on the column which is a riveted 
member. No shop riveting is required on the beam 
whi(*h thus needs only to be punched 

(2) The seat is a coiivenien<*e in erecting 

(:i) The rivets which carry shear are shop driven 

(4) The number of field rivets is small 
Wrb Cr>rine(iioruf» The web connection is made by means of 
two angles, Fig. 99. The legs parallel to the beam rivet to the 

web and the outstanding legs to 
the columns. The connection to 
the web of the beam is governed 
by the same conditions as the 
standard beam connection. The 
length of the outstanding leg is 
governed by the gage lines of the 
rivets in the column or the space 
available for them. Usually the 
angles are shop riveted to the 
lieam and field riveted to the 
column. If the angles were shop riveted to the column, it would be 
diflicult or impossible to erect the beam. However, one angle may 
be shoj) riveted to the column and the other furnished loose. In this 
case the number of field rivets generally will be the same as if the 



>4 




90 Weh Conneolmn o( Bonm to Column 



Fig 100 ^Diagrams Showing Diaadvaiitage of Seat Connection for Fuejproofing 

angles were shop* riveted to the beam, but the shop riveting on Ae 
beam will be eliminated, whieft^s an advantage. When this conneo* 
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tion is use<L a small seat angle is provided for convenieiuti in 
erecting. 

The advantage of the web connection is the comi>actness of 
the parts, keeping within the limits of the fireproofing and plaster, 
whereas the seat c*onnectiori may necessitate special architectural 
treatment to fireproof it or conceal it. Fig. 10(). 

Combimluyti Convections, A combination of web and seat 
<xmnec'tions may be used to meet special conditions. For examine, 
the load may be too great for a web connection, and at the same 
time a seat connection may be objectionable. The eombinati(»n 
will rcdiK'e the seat connection to a minimum, perhaps eliminating 
the stiffener angles. Anotlier case is wdiere top and bottom angles 
are reciuired for wdnd bracing but stiffener angles are not permitted; 
there the combination can be used. 

The objection to the combination is that there are two grt>nps 
of rivets for supporting the load. If the connection is not accurately 
made, the entire load may be carricxl by one group of rivets. A 
nuinlHT of miscellaneous connections are illustrated later in the text 
under column details. 

Separators. When beams are used in pairs or groups, some 
connection is usually made between them at short intervals. The 
connecting piece is called a “sep- 
arator”. If the purpose to be 
served is merely to tie the beams 
together and keep them properly 
spiuxxl, the gas-pii>e separator is 
used, Fig. 101. 'Hiis consists of 
a piece of gas pii)e with a bolt 
running through it. This form 
is used in lintels and in grillage 
beams. For beams 6 inches or less in depth, one separator and 
bolt may be used; for greater depth, two should be used. 

The separator most commonly used is made of cast iron, Fig. 
102. It not only serves as a spacer but it stiffens the webs of the 
beams and, to a limited extent, transmits the load from one beam 
to the other in case one is loaded more heavily. It seldom fits 
exactly to the beam so it cannot be relied upon to transmit much 
load. One bolt is used for beams less than 12 inches deep and two 

1 ^: 
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bolts for 12-inch and deeper beams. The dimensions and weights 
of separators and the bolts for them are given in the handbooks. 
They can be made for any spacing of beams and special shapes can 
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Fig 102 t 

'a‘»t-Iron Separators 





be made for beams of different sizes, 
Fig. 103. 

The iiuliv idiiiil beams of a pair 
or group should be designed for the 
actual loads which they carry, if it is 
practicable to do so. If it is necessary 
to transfer some load from one to the 
other, a steel separator or diaphragm 
should be used. This may be made of a 
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Fig. 104, Steel Separator or Diaphragm 


plate and four angles or of a short piece of I-beam or channel. Fig. 
104. If the beams are se]^ 4 :lose together, the holes must be reamed 
and tu^rned bolts must be used in order to get an efficient con- 
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flection. If the beam^ are set with four inches or more clearance 
between the flanges, the separator can be riveted to the beams. 

Specifications usually require that separators be spaced not 
further than five feet apart. They should be plaoeil at points of 
concentrated loads and over bearings. 



Fig 105 Layout Bbowing Tip-llotl Connect lonH l^cpn 


Tie-Rods. A common form of fireproof floor construction is 
the hollow tile arch between steel joists spaccti from 5 feet to 7 feet 
apart. The arch exerts a thrust sidewise on the beams and would 
spread the beams apart and cause the arch to fall, if they were not 
tied together. Rods J inch in diameter are used for these ties. 
They are spaced about 6 feet apart and placed or 4 iru’hes above 
the bottom of tlje beams. After the arch construction is in place, 
the thrusts on the two sides of a beam would balance if equally 



SeGAf£HTAL T£RQA COTTA ARCH COhSTRUCnOtt 
Fig. 100. Tie-Rod Coimcrtion'i for Segmcniftl Arcliee 


loaded so tbst^^under these conditions the rods would be needed 
only in the outside pmids. However, they are needed in all paneb 
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during construction and as the loads on the several panels may be 
unequal, they are retained throughout the floor construction, Fig. 105, 
If long span segmental arches are used, the thrust is much 
greater. Its amount must be computed and the tie-rods propor- 
tioned for the actual stress, Fig. 10(). 

Bearings. Dimensions of Bearing Plates. Under Unit 
Stresses are given the safe bearing values on masonry. The end of 
a beam resting on masonry usually does not have sufficient bearing 
area, and a bearing plate is required. The area of the plate is 
determined by dividing the load (the end reaction of the beam) by 
the allowed unit pressure on the masonry. For example, assume a 
15" I 42^ bearing on a wall of hard brick in 
cement mortar, the reaction at the bearing being 
IS, (XX) pounds. The allowable pressure is 2(K) 
pounds per square inch. Then the required 
1S,()(X) 
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area of the plate is 


2()0 


or 90 square inches. 


A plate 8" X 12" or one 10"X10" would be used. 

The rt^quired thickness of the bearing plate 
depends on the pressure per square inch on the 
masonry and the projection of the plate beyond 
the flange of the beam. This projecting portion 
of the plate acts as an inverted cantilever with a 
u. d. load. Thus in h'ig. 107 the beam is a 15" 
I 42^, the plate 8"X 12". The projection of the 
plate is 3J inches and the upward pressure jx^r 
square inch is 2(X) pounds. To determine the 
thickness, assume a strip 1 inch wide; then there 
is a cantilever 3} inches long with a loa<l of 2(X) pounds per inch. 
The gliding moment is 

3 25X21K)X— |^ = 105Cin.-Ib. 



Fig 107 Diafcrnin Show- 
tug Boartog Plate 


From the bending momeiiLthe required section modulus — can be 

c 

obtaiiu^ by the formula’given on p.-98; and from it the thickness f 
of the plate can be obtained by the formula given on p.“37, thus 

1056 

a 16,000 
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From the section modulus the thickness t can be computed hy 
the reverse of the method previously given for computing I, thus 

7 = 1 6 = r 


t« = C,X-=(iX 0GC-.:i96 
r 

6.r, or S' thick 

The square root cun be figured by the usual rules bvit can l)e 
obtaiiHsI more easily from tables in the liandbook. 

(•mphical Diagram far Denigiiing Hearing Platen. Fig. lOS is a 
graphical diagram for designing bearing plates. Along the left side 



Fig. 108. Diagram for Determining ThickneiM of Steel Bearing Platen 

Ls given the projection of the plate in inches; along the bottom is 
the thickness in inches; the diagonal Jines represent the several 
allowable pressures for different classes of masonry. Having corn, 
puted the size of plate needed for bearing, find the amount of its 
projection beyond the flange of the beam. Enter the diagram at 
the left on the horizontal line corresponding to the projection; trace 
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to the right to the diagonal line representing the pressure; then 
vertically downward to the bottom of the diagram and read the 
thickness. P\)r example) assume a projection of inches and an 
allowable bearing of 200 pounds per square inch; the required thick- 
ness is f inch. 

Stamlnrd Bearing IHaies. In the handbooks are given standard 
bearing plates for the various sizes of Ixiams. One size of plate is 

given for each size of beam, hence 
these standard plates are designed 
for the hca\lcst loads likely to 
be carried by the heaviest beam 
se(‘tion and, consequently, are 
larger than needed for most cases. 
In the example given above, the 
Cambria standard plate is ly'X 
15" xr. It is larger than re- 
quirt'd, thus showing that it is 
economical to design the plates 
for the actual loads and the 
allowable bearing pressures. In 
this same example, if the l)earing 
is on concrete at 4(X) pounds per 
square inch, no plate is required 
as the beam flange alone gives 
the necessary area. 

Penetration into Wall. The 
penetration of beams into the 
wall, if the thickness of wall 
jiermits, should he not less than 
Fig. 109. For Bearing folloWing! 

for 3-inc#, 4-inch, 5-inch, and <V-inch beams and channels 6 inebos 

for 7-1 noh, and 8-inch beams and channels S inches 

for 0-inch, and 10-inch beams and channels 10 inches 

for r2-inch, and 15-inch beams and channels 12 inches 

fta* ia>inch, 20-inch| 21-inch, and 24-inch beams and channels 15 inches 

When the thickness of the wall does not permit the penetration 
recommended abovje, the allowable bearing stress should be reduced. 
The reduction should be 50 pei^ieent for heavy beams on an 8-inch 
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bearing. A penetration less than 8 inches should never be used for 
beams 8 inches or more in depth. Ih^cause all beams deflect under 
load their bearing plates should Iw set with a slight slope downward 
toward the face of the wall, J inch i>er foot being a satisfactory slope. 
This prevents the wdiole load from being c^ncentrate<l on the front 
e<lgc of the plate. 

Plates ^thicker than 1 inch arc difficult to get. When this 
thickness is not enough for the projectif>u desired, one or more 



Fi* Ilfl Aiirhorf* for n<‘anii» 


I-beams or channels should be used for the bearing, Fig. 109. These 
are designed as inverted cantilevers in the regular way. 

CasUlron Plates. The foregoing discussion relates to steel 
plates. Cast-iron plates may be used. The method of designing 
them is the same as for steel plates, except that the allowable fiber 
stress is 3000 pounds per square inch. Oil a<‘COunt of this differ- 
ence in the allowable streas, the thickness of the cast-iron plate is 
2\ times the thickness of the steel plate. The diagram, Fig. 108, 
may be used for cast iron by first determining the thickness lor 
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steel and multiplying the result by 2^. In most localities the cast 
iron costs more than steel on account of the additional weight. 

Anchors. Beams bearing on masonry are usually anchored to 
it to give greater stability to the structure as a whole. Fig. 110 
shows the common forms of anchors used for this purpose. The 
bent rod a is the cheapest. The angle lugs b are the most efficient. 
The other forms arc used for the special conditions indicated. The 
thickness of metal used is arbitrary, usually | inch for rcxls and 
i inch for angles and plates. 

Miscellaneous Details. Almost every structure presents some 
conditions rcfiuinng special details of the beams. The relative 
position of the steel iii(‘mbers may require a special form of con- 
nection, or the other materials of construction may necessitate 
sp<'cial details for their siijiport. A number of such details will be 
shown in connection with the practical designs later in this text. 

RIVETED GIRDERS 


Definition. The term ‘‘riveted girder’’ is here ustnl to apply 
to all riveted beams, i. e., beams made of two or more steel sections 



Fig. 111. Typo* of Rivetod Girders 


riveted together. The most, common forms of riveted girders are 
illustrated in Pig. Ill as follows: 

(a) I-beam with flange plates 

(b) Plate ^rder 


(c) Plate box girder 

(d) Beam box girdtf 
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THEORY OF OESION 


Determioatioii of Resistins Moment All that was stated under 
Review of Theory of Beam Design applies as well to riveted 
girders as to rolled beams, provided the sections are so rivetiHl 
together that they act as a single piece. However, there are two 
methods of determining the resisting moment, viz, by vnment of 
inertia and by chord atreas. Fig. 112. 

Moment qf Inertia Method. The i)rocedure for determining 
the resisting moment of a beam, or girder, by means of the moment 
of inertia has been fully explained. The value of Z for tlie single 



Fig 112, Diagram of HetKling Stn'iwcn m a Uivt GircU'r (,<) Mttnu iif of liuTtia Method, 

(h) Thord Mithod 


rolled section, such as the I -beam, is taken from the tables in the 
handbook, but for the riveted girder it be computed. 

Chord Stress MeihxL The second method of designing riveted 
girders assumes that the tensile stresses are resistetl by the tension 
flange and the compressive stresses by the compression flange. It 
is assumed that the stress is Uniformly distributed over the entire area 
of the flange. Then the moment of resistance is the same as if the 
^hole stress were acting at the center of gravity f)f the flange area. 

The resisting moment determined from the moment of inertia is 

3Z-S - 
c 

The resisting moment by the chord inethcKl is as follows : I ii Fig. 
112, t and c represent, respectively, the total tension and total 
compression values of the flanges, applied at the centers of gravity 
of the flange sections. The distance d between them is called the 
“effective depth of the girder”. In order to have equilibrium, t must 
equal c. Each must equal the area A of the flange multiplied by 
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the unit stress iS. Then and the resisting moment is 

M^AxSXd 

Having determined the bending moment in inch-pounds from the 
loads on a girder, the procedure by the cliord method is as follows: 

Assume the total depth of girder and from this approximate the 
effective depth d in inches. This can be taken at 2 to 4 indies less 
than the total depth, depending on the size of flange angles. By 
dividing the bending moment M by the effective depth d, the flange 
stress f or c is obtained; and divicling the flange stress by the 
average unit stress, say 14,5(K) pounds per square inch, the result is 
the net area in square inches required for the flange. The sections 
required to make up this net area can then be determined. 

The foregoing computations are expressed by the formula 



1'hc average value of the unit stress to be used is proportione<l from 
the extreme fiber stress, 1(),(KK) pounds jK^r square inch. Thus if 
the effective depth is of the extreme depth, the average unit 
stress to be used is of 1(),000. or 14,4(K) pounds per square inch. 

The result of the first trial is only approximate. From the 
section thus dcterniined the value of d can be computed and the 
hIkivc operations repeated. This result, which is also approximate 
if any change is made in the section, is usually accurate enough to 
be accepted as final. Most specifications permit J of the web to 
be counted in each flange section. 

Illmtrative Exaviple. A^sume J/ equals 4‘J0,(K)0 foot-pounds; 
total depth of girder 36 inches; approximate value of d equals 33 
inches. To find the required section 



M = 42(),()00X 12 =5,()4(),(KK) in.-lb. 

. 5,040,000 

-10.53 «q.m. 

i webSG'XiV' = 1.41 sq. ill. 

2Ls6'X3J'X|' = 11.10 

less 1 rivet ht>le= 1.10 =*_BL00 

— 11.41 s(|. in. 


1.41 sq. in. 


As the area of the choseu jigiptioii is greater than the calculated 
value, it is satisfactory. 
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Problem 

Fig. 113 illuHirales the plate girder deHcnhed m the above example. Com- 
pute the correct value of d. (Note: No Jiorount is taken of the jiiirt of web 
plate which is counted as flange soc'lton, in c«>input mg the ^lositiua of the o. g. 
of the flange. Also no account is taken of the rivet 
hoh^H in the web ) Compute the net flange tin*a 
quired and, if necessar}', com^et the siso of angles. 

The tw^o methods of designing lead to 
al>out the same results. No further consid- 
t^ation will be given to the chord method, 
os the moment of inertia method is preferred. 

Calculation of Load Effects. The bend- 
ing moments and shears are computed in 
just the same manner for girders as for 
Ix'ams. However, in making a complete 
design of a riveted girder the bending moment 
is rt^quirtnl for all points along the girder 
for computing rivet spacing and for deter- 
mining the length of cover plates, if th(\y are 
used. Consequently the moment diagram is 
needed in nost case.s. (It can be eonstnieteil 
by the methods given in tlie sections on 
Bending Moments and Moment Diagrams in “Strength of Mate- 
rials'*.) 

DESIGN OF PLATE GIRDER 


o 


I 

L 



Fik 


11 1 Hr>r(ion and DhuiIb 
t f PIttto Ciirdi'r 


Having computed the bending moments and sliears anil con- 
structed the diagrams for them, the steps in the design are: 

Determine allowable depth 
(V)mpute thickness of web 
Compute reejuired moment of inertia 
Compute flange section wdueh will give required mo- 
ment of inertia 

Determine length of flange plates 
Design stiffeners 
Design end connection 
Compute spacing of rivets for flanges 

For illustrating the operations, assume a plate girder as shown 
in Pig. 114. Tlie span is 45'-(y'; loacl 4000 pounds per lineal foot 
equals total load of 180,000 pounds; end shear 90,000 pimnds; 
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maximum bemiing moment 12,150,000 inch-pounds. The shear and 
moment diagrams are given. 

Depth. Economy, For any set of conditions governing the 
design of a plate girder there is a depth wliich gives the greatest 
e(*ononiy of metal. But there arc so many conditions entering into 
the problem that no simple formula can be given for computing it. 


/BO.OOO U,0. 
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The effecte of some of these conditions can be stated in general 
terms as follows: 

The greater the shear the greater the depth required 

The greater the bending moment the greater the depth rerjutred 

The longer the span the greater the depth required 

The thicket the web plate the less the depth 

For lateral stiffness shallow depth is better 

The smaller the defiection dHowed the greater the depth needed 
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If it is desired to determine the most economical depth for a 
pi veil case, several depths must be a'Ksumed, the desipns made, and 
the cross sections or weiphts computed. A few trials will lead to 
the desired result. 

The depth of the girder may be as small as of the hpan and 
may be as great as J the span, but the u^^iial range is i*o to J. In 
the absen(*e of any governing feature J of the span may be assumed 
as a suitable depth. 

Other Comideratiom. Usually other considerations than econ- 
omy will determine the depth. In building construction it is gener- 
alh desirable to make the girders as shallow ns practicable, then the 
d<‘pth may be governed by deflection, by practicable thickness of 
web or section of flanges, or by details of connections. The final 
result must be determined by trial designs. 

In the example, b'ig. 114, assume the depth of web plate to be 
4S inches. On acrount of the fact that the edges of tlie plate will 
not be exactly straight (unless they have b<‘en plamsl), it is custom- 
ary to set the flange angles { imb b<\vond the edge of the platt, 
making the depth in this c‘ase 48^ inches ba(‘k to back of angles. 

Thickness of Web. In building work, inch is a suitable 

thickness to adopt as tlie minimum. For e\c(*ptioiial cases when 
the loads arc light J inch may be ustsi T nder Unit Stresses, 
p. 51, the allowable shear on girder w'cb is given, i. e , 10, (KK) 
pounds i>er square iiieh. This is the average shear on the net 
cross section of the web. In the example, Fig. 1 1 1, the maximum 

00 (KH) 

shear is 90,000 pounds, then the net arc?a of the wel) must be ’ 

1 ( 1,1)1 H* 

or 9.0 square inches. The depth of the wel) is 48 inches, from w hieh 
must be deducted 2 rivc^t holes | inch in diameter, making the net 
depth 4f)i inches. The thic*kness rcxiuircMl to give the net cross 

section is or 0.19 inches. Hence a plate 0 19 inch thick fulfills 

46.25 

the requirements for shear on the web. Thi-> is less than the mini- 
mum adopted,* so the thickncs.s is made inch. 

PROBLEU 

What thickness of web is r 4 *qiiimi f<ir a sIm ur of 220,000 fJoundK, depth 44 
iDchce? 

Before the thickness of web can be acc*epted as l>eing satisfac- 
tory, it must be known to provide ample bearing for the rivets which 
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connect the flanges to the web. The design of this riveting is ex- 
plained later. For the present purpose the method used is this: 
Assume that an amount of stress equal to the maximum vertical 
shear must be transmitted from the web to each flange wdthin a 
distance equal to the depth of the wi‘b. Applying this to the exam- 
ple, the maximum vertical shear is 90, (XK) pounds and this amount 
must be transmitt€‘d from web to flange in a distance of 48 inches, 
W'hich equals the depth of the W'eb. The bearing value of a |-inch 
rivet in a /rt-inch web is oSOO pounds. The number require<l is 


90,(X)0 


or 1(). '^I'his number of rivets in a distance of 48 inches gives 


a spacing of 8 inches, v\liicli is satisfactory and requires only one row 
of rivets. (Two rows could be used,giMng space f*)r twice as many 
rivets as are ne(‘dcd ) 'riuTcfore, the wc‘b thickness is satisfactory. 

Shenting Volur of fJ’rh Plait it. A study <>f the shearing value 
of W'eb plat(‘s compared w ith the bearing value of ri\ets in the web 
will show that sulficient Injuring \alue can be developed to equal the 
shearing \aluc. Consequently, th^ bearing test need not be applied. 
For a unit shear of 10,000 pounds jier square inch and a unit bearing 
of 2r),0(K) pounds per square inch, it can be shown that two rows of 
}-inch rivets, spac ed inches center to center in each row', wdll have 
tlie same bearing \alue as the shearing value of the plate (no reduc- 
tion being rnaile in shearing value on account of rivet holes). 

pROBlJilM 

A»&iumc 11 pltttt* r >4 inohf»s an<i J inc*h thick Prove (he fort^going 

statement , 

Moment of Inertia Required. Having the bending moment 
and the ilcpth of the ginlcr, the \alue of the requircnl moment of 
inertia can Ix' computed from the formula, (see p. 78). 


/- 


\Ic 


In the example, Fig. 114, J/= 12,15(),(K)0 in.-lb.; 19,000#. If 
no flange plates are used, the distance c is measured to the back of 
the angle, i. e., 241 inches. Then 

, 12,15d.OOOX24i 
16,000 

If It ilevelopa that flange platesfitost be used, the value of the moment 
4^ inertia m^t be increased to correspond to the increased d^tb. 
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Flange Section. Having determined the moment of inertia 
required, it is next necessary to find by trial the section which has 
this moment of inertia. To avoid tedious figuring, a rough approxi- 
mation is first made. The web plate being determined, its moment 
of inertia may be computed or be taken from the handbook. 

7 for PL 48" XiV = 2880 

This amount deducted from 18,415 leaves 15,535 as the net value 
of I to be supplied by the flanges. The general formula for niomeut 
of inertia, p. 38, is 

7 = 


In this case r is about 22.5 inches, then r® 


5(K5, and A = 


15,535 

500 


OP 30.7 square inches. This is the net area 
of the two flanges. The gross section must 
l>e larger to allow for rivet holes; for this 
add 2.3 square inches, making 33.0 square 
inches, or 16.5 square inches for each 
flange. This an^a may l3e made up of 2 
angles witliout a plate or of 2 angles with a 
plate. Both cases arc given. 

Case A — H ^iilurui Fla nge Plates. W it h- 
out flange plates, use 2Ls ()"X0"Xl% having 
an area of 2X8 44 or 16.88 square inches. 
For this case the total depth is 48| 
as previously determined, and no corrc'c - 
tion is needed for the required valuer of /, 
viz, 18,415. Now compute its value for 
the approximate section, Fig. 115, making 
the necessary' corrections for rivet holes. 



Fig 115 of Plat<o Girder 

Wiihoui Flung* rutea 


f 1 Pl.48''X (from tables) 2,880 

Deduct for holes 2X J X A X21 75X21 75 2W 2,620 


I 



Ls 6X6Xi (from tables) about axis a-o 113 
about axis W» 4 X8 44 X 22 47 X 22.47 17,045 


17,158 

Deduct for holes 4xlXfX2l .75 X21 .75 1,241 15,917 

Total net value of I 18.637 
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C^ION 


In deducting for rivet hof^^ the diameter of hole deducted is | indi 
for a f-inch rivet. The distance to the holes is taken at the outer 
of the two row^s of holes. 

The moment of inertia of the section is somewhat larger than 
the required amount, therefore the section is satisfactory. 

Case B — With Flange Plates, With flange plates it is usually 
specified that not less than one-half the flange area shall be in the 

angles, or the largest size of angle shall be 
used. In this example it has been found 
that only one row of rivets is necessary for 
connecting flange to web. For the first 
trial use 2\^(fxrxV and 1 PI. 1-VX^V- 
Then the gross area of one flange equals 



Ms ^ ^ 

5 N 5 ^ 5 

(V< cu ‘Vi ti 


for 2LsO‘'X4'xr 
for 1 ri. 14" X (V 
Total area 


2X5.86 = 11.72 
= 6.12 
= 17.84 



Fig. 1 10 Soption of PlaUi Giriier 
with Flaagu Platea 


The section is shown in Fig. 116. For this 
section the value of c is 24.25-f0.44 or 
24.()9. The required value of I must be 
corrected to correspond : 

, 12,150,000X24 69 

^ Wm 

The value of I computed for the assumed 
section is 


1 PI. 48' X iV 

= 2880 


Deiluc-t for holet» 2 X 5 X i’* X 2 1 75X21 

75= 260 

2,620 

4 Ls 6'X4'X|' about axis «-<i 

= 30 


about axis 6-6 4 X 5 86X23 22X23.22 

= 12,637 


Deduct for holes 

4XiXiX21. 75 X21. 75 = 1036 

12,667 


4XiXtX23 94 X234)4 = 1260 

2 PI. 14'Xi\' less 2 nvet holes 

2,2% 

10^71 

2X121XtVx24.47x24.47 


= 6,418 

Total net valu<!l of I 


= 19,409 
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This value of I is in excess of the requMd value, the latter being 
18,750, hence the section may be reduced. The correction can be 
made without going through the calculations in detail. The angles 
need not be changed, but the flange plates may be reduced in thick- 
ness. By inspection it can l>e seen that a retluction of ^ inch in 
thickness reduces I hy \ of (>418, or 917. The resulting net value 
of I is 19,409—917 or 18,492. This reduction in the thickness 
of the flange plate also reduces the required value of J. It now 
becomes 


.^12,150,000X 24.03 

Y(>,006 


18,700. 


Tliese results are sufficiently close and the reduced section is used 
although it is somewhat scant. 

The revised section is 

web plate 4S*' X iV" 

f2Ls(rx4''xr 
n. 14*'xr 

The sectional areas of the two designs are 


each flange 


Case A. 


Case B. 


1 PI. 48 X A 
4Ls OXfiX j 

1 PI. 48 X 
4L8 ()X4xg 

2 PI. 14Xi 


15 00 sq. in. 
33 70 sq. in. 

48 76 sq. in. 
15 00 sq. in. 
23.44 q. in. 
10 50 sq. in. 

48.94 sq. in. 


This showing is slightly in favor oT C ase A, but it is more favor- 
ible to Case B when it is ccjnsklered that the flange plates do not 
extend the full length of the girder. Case B also has the advantage 
of greater lateral stiffness due to its greater width. On the other 
hand the cost of the additional riveting may amount to more than 
the saving in weight. Also the use of the flange plates, taking into 
account the rivet heads, increases the over-all depth about two 
inches, which may be objectionable in some cases. In general, the 
design without flange plates is preferreil. 

Width cjf Flange Plates* The width of a flange plate is limited 
by the permissible projection beyond the outer row of rivets. The 
limits are eight times the thickness of the plate, or a maximum of 
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six inches. In the above example this limit is 8Xf"^ or 3*^. This 
permits a distance of 8 inches betw^n the gage lines, which is 
satisfactory. 

The (’Ustomary widths of flange plates vary by 2 inches, thus, 
10-inch, r2-inch, 14-inch, etc. For 6-ineh flange angles the maxi* 




mum width is 20 indies, and for 8-inch angles, 24 inches, but 18 and 
20 inches, ^respectively, are pr^rable, and 14 inches and 18 inches 
are most used. When more than one |flate is used on a flange, 
usually thu outer one is made less in thickn^ than the inner one. 

Leuffii of Flange Plates, The flange section which has just 
been computed, is the section required at the place of maximum 
bending moment. ^ The" bending moment decreases toward the 
ends, as showm in the moment^ 4iiagram Fig. 114, and, if it were 
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jmcticable to do so, the flanges might be decreases! cwrespondingly. 
It is necessary for practical reasons to extend the flange angles the 
full length of the girder but the flange plates can be stoppcnl at the 
points where they are no longer needed. The plate c^tnist^s to be 
needed at the point whore the IxMiding nioinent ecpials tlu^ resisting 
moment of the WTb plate and flange angles. This can be computed 
by the methods and from the data already given, but tlie i)rocess is 
tedious and the results can be obtained more easily ]>> graphical 
methods with sufficient a<‘curacy. 

Oraphietd Solutum for Unifi}rmly D'wfrUmtcd Ijoada, Ix^t Fig. 
117-a represent the moment diagram for any uniformly distribut^‘d 
load. The linos nt 1 , 3, »‘^?,etc., represent the amount of the bending 
moment at the several points along the girder. The rnaximuin 
bending moment is at J. The resisting inomtMit is repn^sented by 
the line o c'. This line is divided into tlircc parts, o a representing 
the resisting moment of the web plate, a h the resisting moment of 
the flange angles, and 6 c' the resisting moment of the flange plates. 
Then the distance a'a' equals the theoretical length of the flange 
angles, but practically they are made the full length of the girder, 
and 6'6' equals the theoretical length of the flange plates. If inert* 
than one plate is used on each flange, additional divisions may be 
made of the line and the lengths determined in tin* same 
manner. 

If the resisting moments of the several parts of the flanges have 
not been computed, their moments of inertia may be usetl for this 
ptlrpose in the following manner. On the edge of a sheet of paper 
or on a scale lay off at any convenient scale oWp <i,6p and 6,Cj 
equal, respectively, to the values of 7 for the web plate, flange 
angles, and flange plates. Hold the zero i>oint at o and swing the 
paper or scale to the position where c, falls on the horizontal line 
through the af>ex of the moment diagram c'. 1’‘ht*n the horizontal 
lines through a, and 6, will cut the dllfgram at a' «' and 6' 6' and 
give the lengths of flang^lates required. 

Graphical Solutum jm Concentrated Loads. Fig. Il7-b repre- 
sents a moment diagram for concentrated loads. The same explan- 
ations and procedure apply as for uniformly distributed loads. 

Taking the girder section determined for Case B, p. 142, the 
lengtih of its flange plates can be determined by the method just 
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described, using the moment diagram in Fig. 114. The values of I 


as computed on p. 143, are 

for web plate 2,620 

for flange angles 10,371 

for flange plates 5,501 

18,492 


Using a convenient scale lay oft* o eciuals 18,492, so that Cj falls on 
the horizontal line through c\ Then divide o at Uj and so that 
0 0 ^ = 2020, Uj 6, = 10,371, and 5^0^ = 5501. Draw horizontal lines 
through a, and 5j, cutting the moment diagram at a' a' and 6' 6'. 
Then a' a' and b' b' represent the theoretical lengths of the flange 
angles and the flange ])lates, respectively. As previously stated, 
the flange angles always extend the full length of the girder. The 
flange plates are usually made two or three feet longer than theo- 
retically required. In this case the length 6' 6' is 23'-6'^ (approx.); 
the plates are mmle 2(>'-0*' long. This extra length is used so that 
some stress can be developed in the plate at the points 6' b\ 

Web Stiffeners. Schneider’s Specifications’*' provide ‘‘The web 
shall have stiffeners at the ends and inner edges of bearing plates, 
and at all points of concentrated loads, and also at intermediate 
points, when the thickness of the wx*b is less than one-sixtieth of 
the unsupported distance betw^een flange angles, generally not 
farther apart than the depth of the full web plate, with a minimum 
limit of 5 fi'et ” 

'^I'he theory of stresses concerned in the design of stiffeners is too 
compli(‘ated fOr consideration in this text, but some simple rules can 
l)e established which will lead to safe construction. Web stiffeners 
may be dividt^d into tw^o distinct classes: (1) stiffeners at loaded 
points and (2) intermediate stiffeners. 

Sttjltners at Loaded Points. The chief purpose of stiffeners at 
loaded points is to transmit the loads to the girder web. According 
to the theory of stresses in girders, the load must be applied to the 
w^b and produce shear ttierein from which tension and compression 
are produced in the flanges. It is, therefore, necessary to cany the 
applied loads into the web plate as directly as possible. If the load 
is uniformly distributed on either the top or bottom flange, it is 

Strttotural Dfsncn of BuUdiv^il^by t/. C. SdiAMder, M Am Soo. C. BU. TramtadHtm 
AmuncM ai CtM T«L U V. p. 
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transmitted to the web by the rivets connecting the flange angles 
to the web. The effect of this load on the numiier of rivetwS required 
is considered later in the text. 

When concentrated loads are applied, enough rivets cannot l>e 
placed in the flanges to transmit the load to tlie web, and also it is 
desirable that the load be applied throughout the depth of the web 
plate. To meet these conditions stiffener angles are used. These 


t&aoco LBS 



Fiit IIS. Dviailii of Girder Showing Cut* r»f Stiffeners I'nder CoiirrntrnUid Txmd 


stiffeners may be designed as short compression meralKTs using, a 
unit stress of 12,000 pounds per scjuare inch. They must be at- 
tached to the web plate with enough rivets to transmit the load. 
Generally the bearing value of rivets in the web plate w’ill govern. 

As an example, assume that a girder supports a concentrated 
load of 160,000 pounds, Fig. 118. On account of the width of 
bearing of the load, it is desirable to use two pairs of stiffeners. The 
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1 iuO rwi 

area required is • ’ - or 13.33 square inches. 4 Ls 6'X3|'X A' 

— area 4X*}.ol5 or 14.12 square inches — provide the necessary 
si'ctioiml area. The thickness of the girder \^eb being | inch, the 
lx*aring ^alue of a f-irich rivet is 7030 pounds. Then the number 
1 ()() (KK) 

of rivets reciuircd is - or 23. There is ample space for this 
i 030 

number of rivets. 

The condition at the end Injuring (^f a plate girder is analogous 
to tliat described for a concentrated load and is treated in the same 
manner. If the end of the girder connects to a column or another 
girder by means of web angles, the d(‘sign is made in the same 
maimer as for the web connection of I-bcams. 

I ntf'rmahair Sftfferurs. Intermediate stiffeners 
are used to j)revent buckling of the w^eb plate. Ac- 
cording to the s|K‘cifications quoted above, stiffeners 
must be iHed if the nnsnppK)rted depth of plate is 
more than (iO time^ its thickness. .Such stiffeners 
are to l)e spaced not farther than the depth of tiie 
girder, or for deep girders not more than 5 feet, 
.\ppl\ing this to the girder illu.strated in Fig. 118, 
it is found that stiffeners arc riMpurcd, for the unhUf)- 
]>()rtcd dej)th is .3b indies, wliile (>0 times the thick- 
n(*s> ^ inch i.> 22i inches. The depth of the girder 
is I feet, so the stiffeners are spai'ed 4 feet. 
Stiffeners at loadi*<l points ser\e inciilentally to stiffen the web 
and are taken into account in spacing the intermediate stiffeners. 
Intermediate stiffeiuTs are usualK angles in pairs. The leg of the 
angle parallel to the web plate ne<^l he only w ide enough for rivet- 
ing, Shy 3 inches, as it adds but littlj the lateral stiffness. The 
outstanding h^g must U' determintv^ arbitrarih. For a 30-incfa 
girder, 3 inches may Ixyused; and fr i a 9()-ineh girder, 6 inches; and 
others in projKirtion. The thicki^e^- sliould be consistent with the 
size of tlie angle and not less thai. the thickness of the web plate; 
and the width of the outstanding leg should be somewhat less than 
the outstandhig leg of the flange angles. 

Stiffeners at loadedT^points must be ground to fit accurately 
against, the loaded flange; intermediate stiffeners need not be so 
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carefully fitted* ''Hie use of fillers under stiffener angk^s is not 
necessary, but a better fit can be obtained when they are used. 
This makes it desirable to use them at loaded points and end bear- 
ings. Where fillers are not used, the stiffener angles must he> criniiKsl 
to fit the flange angles, Fig. 119. There is little difference in cost, 
as the expense of crimping offsets the cost of the filler plates. 

Refer to the girder in Fig. 114. There being no (‘oncentrat(*d 
loads, fififfeturs at loaded points are required only at llic end bearings. 
The reaction at e*ach end is 90.(XK) pounds. The art'a of stiffener 

angles required is or 7.5 square itich. 4 Ls 53|''X5''X h" 

sufficient area, hut it is desirable to have tluun approximately as 
\\ide as the flange angles, s«> 4 Ls .Tx-Tx are iiseil. Sixteen 
ri\ ets are rcx|uired. There is ample space for them. 

The \\eb plate is inch thick and has an unsupported depth 
of inches, hence it re(juircs intermediate stiffeners. These are 
spaced about 4 feet apart (equal to the depth of the gird(T). AngU'^ 
4*'Xirx A'' may he us(‘d for these stifiViuTs. 

Rivets G>nnecting Flange Angles to Web. In order to make 
the several piec'os of the plate girder act as a unit, they must be 
rigidly connected. It is evident that if the angh‘s and plates wi-re 
simply placed in their relative positions witlMM * laung rivt‘ted, they 
would not co-operate but would tend to act independcntlx . This 
is explained under Horizontal Shear in "‘Strength of Materials,’* 
Part II. 

y umber of Rivets. The loads on tKc girder are ap])li(*d either 
directly or indire(‘tly to the web, prcKlucing \iTtical shear. By 
flexure, the vertical shear produces horizontal shear, which bteomes 
tension and compression in fil)ers below’ and above the neutral axis, 
respectively. Most of these stress<-s occur in the flange plates and 
angles and must be.transmittecl to them from tlie web hy the rivets 
w’hich connect the angles to the web plate. 4'here must be enough 
rivets to transmit the whole amount of the str<‘ss and they must be 
IcK^ated at the ix>ints wdiere the stress should pass from the web to 
the flanges. Then in each flange there must be such a ituml)er of 
rivets between the point of nlaximum flange stress (maximum 
moment) and each^^nd to transmit the total flange stress; or, stated 
in other terms, the resisting moment of the rivets betw^een the point 
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of maximum bending moment and each end mubt equal the maxi- 
mum bending moment, and this equals the resisting moment of the 
girder section. 

In Fig. 118, let d be the average distance between the rivets in the 
top and bottom flanges; k tlie l>earing value of one rivet (usually l)ear- 
ing in the ^eb plate) ; M the l)ending moment in inch-pounds; and N 
the number of rivets in one end of one flange. Then kxd equals the 


resisting moment of one pair of ri\ets in inch-pounds and N 


M 

Vxd 


equals the nimil>er of pairs or the nuinlMT of rivets in each flange 
from the center or point of maximum bending moment to either 
end. For example, assume the following data: 


M = 4r)(),()(K) ft.-lb. = 5,100, ()()() in -lb. 

k =70;i0^, bearing value of a J-ineh rivet in a 2-iuch web 
d =4r 


then 


.V 


5.4(W),(KK) 

7o:;ox 11 


~ 10 ri\ets 


lUvet Sparing m Flanges' If the rivets, Fig. 117-a and -h, were 
spaced unifornil\ , tlusr rc^Isting moment would be represented by the 
moment diagram o' < ' </, w licrcas, the bending moment diagram is 
o'a't'c'fc'a'o'. From this it is clear that the resisting moment of 
the rivets is less than the lumding moment at all points except at the 
maximum. Ikit these rivets can lx? so spaced that the two moment 
diagrams will coincide To determine this spacing proceed as 
follows: Lay oil* o .V equal to tlie total \aliie of the number of rivets, 
say 19, and divicle it into 19 spaces at the points s. Through the 
points Sf draw’ horizontal lines intersecting the moment diagram at 
points t Through the jioiuts /, draw- vertical lines intersecting the base 
line at tlie points r. Then the points r are the locations of the rivets. 

It is important to note that the ri\ets are closer together near 
the ends, i. e., where the liending moment is clianging rapidly. On 
the left side of Fig. 117-b, the spaces are nearly etpial because this 
side of the moment diagram is nearl;v a straight line. There is a 
change of spacing wherever there is a change in direction of the 
moment diagram. For the uniform load. Fig. 117-a, there is a 
change in each spac^. Of pwrse it is not practii^ble to space the 
rivets strictly in accordan<^ with the theory. The practical method 
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is to divide the girder into sections, usually taking the divisions 
formed by the stiffeners, and space the rivets equally in each division* 
In the problem, Fig. 1 14, use the following data* 


3/ = 12,1 50,000 in.-lb. 

=5Sf>Oj5l^, bearing value of a J-inch rivet in a A-ineh \\eb 
d =41.20" (Case A, Fig. 115) 


then 


12,1 50, (HH) 

" 5800X41 20 


= 50 ri\ets 


Lay off oN equals 50. Along on' lay off the points /, 2, 3, 
etc., marking the positions of the stiffeners. Through these points 
draw verticals intersecting the moment diagram at /p /j, etc.; tlicnce 
draw horizontals interse<‘ting o N at .Vp .Vg, etc. Then o .f, repn'- 
scnts the number of riv<‘ts between o and J ; the numlnT be< wecui 
J and .Vg the number between 2 and 3; (*tc 

represents 17 rivets; the distance o'-l is .54 inches, sjiace the 
rivets 3 inches center to ciuiter 

^ 1^2 represents 11 rivets; the distuiun* 1-2 is IS inches; space 
the ri\ets 3^ inches center to center 

‘Va represents 10 ri^ets; the distance ^-2 is 4S inclies, space the 
rivets 45f inches center to center. 

represents 7 rivets; the di‘Ntaii<*e is 4S indies; space the 
rivets 0 inches center to center, and this being the maximum spa(‘ing 
allowed, continue it to the (enter of the s])an. 

If Case 13 l>e usimI, the procedure is ju^t the same. The value 
of d would be larger (Fig. 110) and, consc(|uently, tlie iiumlxT of 
rivets smaller. 

Riveting Jt)T Cover Plates, In C'ase 13 tliere must also lie deter- 
mined the necessary riveting for attaching the cover plates to the 
flange angles. The procedure is similar to tliat just given. In 
Pig. 114, p c' represents the resisting moment of the c'over plates and, 
therefore, the rc'quirt'd resisting moment of the rivets. The rivets 
are in single shear, and the moment arm is the distance bac‘k to 
back of flange angles. Use the following data: 

3/ =3,600,000 in.-lb. (approx.). 
k =4420^, single shearing value of a ]-h»ch rivet 
d =4Sr (Fig. 116) 


Then 


JV = 


3,f>()0,00() ^ 


161 



152 


STEEL CONSTRUCTION 


Lay off p N^ equals 17. Along V b' lay off the points tO, 11, 
etc., at intervals of say 4 feet. Draw verticals to etc*, and 

horizontals to #,,, etc. 

P^io represents 9 rivets; the distance b'-lO is 48 inches. There 
are two rows of rivets in the flange plate, so there are 4} rivets 
required in one row in 48 inches, i. e., spaced about 10 inches, center 
to center. But the maximum allow^able spacing is 6 inches, center 
to center, and this is usc<l throughout the length of the cover ^plates 
except at the ends where a spacing of 4 inches for a distance of two 
feet is adopted arhitraril\ . 

liiniSimnnej C()mpnied from IVeh Bearing Themethml, p. 140, 
for checking the thickness of the w^eb plate for rivet bearing may be 
used for determining the rivet sparging, - for example, assume that an 
amount of stressequaltothe vertical shear must be transmitted from 
the web to each flange within a distance equal to the depth of the web. 
Then the number of rivets required in this distance is determine'^ 
by dividing the vertical shear by the bearing value of one rivet. 

lleferring to Fig. 114 and appl\ing this method; 


Shear at 0' = 90,000 

90, (KX) 

No. of rivets in 4S'' 

oS(X) 

Shear at / =72,(KK)^ 

72,000 

No. of rivets in 4<S'^ 

oSW) 

Shear at 2 =50,000^ 

;')(), 000 

No, of rivets in 48*^ 

.WOO 

Shear at J -=: 40,000# 

40,000 

No. of rivets in 48*^ 

5S00 


Spacing n her} Lmd TransviiUed through Flange Rivets into Web. 
If the load on the girder is applied iu such a way that it must be 
tranamiited through the flange rivets into the web, then the rivet 
spacing must take this into account. The exact method of doing 
so is difficult to apply, but safe results can be obtained by simply 
adding tsnough rivets to transmit the load to the web. Thus in Fig. 
114 it has been determined that 17 rivets are required between o'-l. 
The load om this space is 18,000 pounds, which requires 4 rivets to 
transmit It into^the web plate. Then the total number of rivets is 
21 and the spacing 2) inchesT 
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Assuming that the 
load is applied on the top 
flange, the extra rivets are 
required only in that 
flange. But in practice 
the riveting is usually 
made the same in both 
flanges. Where stiffeners 
are used at loaded points, 
the extra rivets are not 
required. 

nie actual location 
and spacing of the rivets 
must bti worked out in 
making the shop details 
in order to afford neces- 
sary cleararuTs from stiff- 
eners and to suit ati; 
otlier conditions that 
may apply to the case. 
It is sufficient for the de- 
signer to indicate the 
s{>at ing as it has been 
computed above. 

Fig. 120 shows the 
design drawing for the 
girder developed in the 
premling pages, using 
CascB, that is, a girder 
with flange plates. 
Problemh 

1 . Dcsifcri a plat«<^ girder 
fruni the data given in Fig. 
121 M ake the dcaign draw- 
ing at }<inch scale. 

2. DecfSgn a plate girder 
having the aamo span a« the 
one in Fig. lltl, but support- 
ing only on^^-half the load 
tbm apedfied. 
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Tables and Diagrams. A number of tables have been pub- 
li’shed giving strength and properties of plate girders. These tables 



itre of much iissi^tancH* in arri\iiig at the approximate section of the 
recj Hired girder, but usually the final design must be computed in 
detail, as in the foregoing example. 



Aft«»r Doduotiag RjvcI Holes. 2 Holei), (*4^' RjvoU) lor 

The large number of plate girder sections that it b possiUe to 
make up from the available sizes of web plates, flange angles, and 
flange plates makes it impnMicable to have complete tables of them. 
The C^ncgie Pocket Companion, 1913 edition, contmns a valuable 
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table giving the section modulus for a large number of riveted 
girders. 

Tbe handbooks give tables of the moment of inertia of rectangles 
from which can be taken the value of 1 f<jr*the web plate (from 
this value must be deducted the value of I for rivet holes). Other 
referenc'e books give the values of 7 for web plates with rivet holes 
deducted and for many sizes of flange angles phicvd at various 
depths; similar tables arc given for flange plates. By the xise of 
these tables, the value of 7 for the complete girder section can be 
found by adding together the values for the web plate, flange angles, 
and flange plates.* 

Tlic diagrams, Figs. 122, 123, and 121, gi\e respeetively, the 
values of 7 for web plates, flange angles, and flange plates. They 
give the moments of inertia for the sizes of plates and angles most 



MOMENT OF tNERTlA 
of iMitia of Web Plates of Plate Girders 
to Plates, 2 HoIm, 1" (i" Rivets) for to 1' Plati-s 


commonly used for plate girders. Values for intermediate sizes of 
plates an d thicknesses of angles can be interpolated. Although not 

••'OcKlfiwy’ii Tables** by Edward Godfrey, M. Am Soc C E, 

' Civil EocioeKr*! Pfteketbook" by Albert I. Frye, b B.. M Am Bo<^ C. E. 
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Ftg, 123. Diagram for Delcrmmmg Momenta of Inertia of Flange Angles ot Plate Girden 



HOM£N T or iNER TtA 



124. Diacram for D^t^rromin^ Moments of T vrtia of Flar^e PKt^a f.f Plate Guders 
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mathematically exact, the results obtained from these diagrams are 
accurate enough for designing, and will lead to the selection of the 
same sections as would be determined by computation. 

The tables and diagrams give only the sections to be used for 
the girder. The flange plate length, stiffeners, end connections, 
arul rivet spacing must still be designed by the methods heretofore 
explained. In many cases, these latter itc^ins are left to the de- 
tailers; but they are ])rop(Tly a part of the design and should be 
worked out at the same time the girder section is determineil, as 
the detailer is not likely to lm\e as clear an understanding of the 
conditions as the designer. 

Pmmi.KM 

C'lu'ck the Rirdor ions in 1 I/j and 1 10 by mi'ans of the diaKrams in 

FigH. 122, 12S, and 121 

OTHER FORMS OF RIVETED GIRDERS 

The discussion and examples thus far have dealt with the plate 
girder. The principles and the methods involved are the same for 
all forms of riveted girders. 

I-Beams with Flange Plates* A form of girder, Fig. lll-a, is 
used when shallow girders are required and the I-beams are not 
strong enough. This often oeeiirs in joists and girders of a flcK>r 
when it is desired to maintain approximately the same depth for 
members W’hich carry heavy and light loads. 

Moment of Jriertta, To determine the moment of inertia of the 
girder, take from the handbook the value of I for the beam and 
deduct therefrom the value of / for the holes in the flanges; add to 
this net value for the beam, the value of I for the net section of the 
flange plates. For example compute the moment of inertia for 

15''I42#and2ri.8'^Xr- 

/for 15' 142# 442 

deduct for 4 rivet holes 
4XSXfX7.2x7.2 114 

328 

for 2 PI, 8'Xl' after deducting rivet holes 

2x6iXiX7, 9X 7.9 585 

Total value of I 913 

Note that two rivet holes ue deducted from eadi flange and from 
each pla^ If the rivet holes axe caiefuUy staggered, only one*balf 

MB 
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TABLE IV 

Moments of Inertia of I-Beams with Holes in Flanges 


(Holes for rivets computed diaiii ) 


SECTION 

MOMENTS OF INB:UTIA 

Gnp, or Thick- 
uuM of Mrtal 
at Hole 

Whole 

1 Hole Out of 
Each Flanfce 

2 Hiilea Out ot 
Each Flauge 

1 ZTl 

83# 

2888 6 

2623 0 

2357 4 

89 

24'I 100# 

2380 3 

2149 0 

1917 7 

1 00 

24'! 

80# 

2087 9 

1884 9 

m\ 9 

.87 

24*1 

69i# 

1928 0 

1734 3 

1540 6 

82 

21*1 

674# 

1227 5 

1090 0 

952 5 ‘ 

.74 

20'I 

fm 

1466 5 

1320 0 

1173 5 

.92 

20'I 

65# 

1169.6 

1042 1 

915 2 

.79 

IS*! 

75# 

1141 3 

1026 8 

911 3 

90 

IS'I 

55# 

795 6 

704 9 

614 2 

69 

IRI 

36# 

733 2 

645 2 

557 2 

67 

IST 

80# 

795 5 

7(K) 6 

617 7 

1 03 

15'! 

60# 

m 0 

536 6 

461 2 

.82 

15*1 

42# 

441 7 

385 3 

328 9 ' 

.62 


36# 

405 1 

351 8 

298 5 

59 

irj 

40# 

268 9 

231 3 

193 7 

66 

VZ1 

ZlifI 

215 8 

184 5 

153 2 

M5 

l-il 

274# 

199 6 

169 9 

110 2 

51 

lO'I 

25# 

122 1 

102 7 

83 3 

49 

‘J'l 

21# 

84 9 

70 2 

55 5 

46 

8*1 

18# 

56 9 

46 1 

15 3 

42.5 


of this number need be deductetl. The sliearing value of the web 
must be investigated and the length of flange plates and rivet si)ac- 
ing computed in the same manner as for* plate girders. 

Problems 

1. What is the resisting nioinent of a girder made of one 1H"I 55// and 
two flange plates 

2. A beam has a span of 24 feet and supports a u d load of SOdKK) pounds 
Design the beam using a 18*' I 55# with flange plates Determine length of 
plates and rivet sparing. 

3. What is the resisting moment of a 20^ I 65^ with two 1-ineh holes in 
each flange? (Note the great loss of strength due to punching holes in the flanges.) 

The moments of inertia of I-beams with holes in the flanges are 
given in Table IV and of flange plates in the diagram, Fig. 123. 

Beam Box Qirders« Beam box girders, Fig. lll-d, are designed 
in just the same ^&y as single I-beams with flange plates. They 
are not economiool and should be used only when the available 
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depth prevents the use of a deeper girder. The handbooks 
tables of strength of this form of riveted girders. i 

PaoULhMS 

1. ('ompiile the moment of inortiii of a girder made of t>^o I -beaus 
2Vxm^ and two plates IS^XT* 

2. Design a beam box girder to support a load of 3(K),0(H) pounds at the 
middle of a 30-foot span. Use 24-meh beams 

3. What is the resisting moment of agirdcT ma(Je of two 15' Cs 33^ and 
two plates 1 4' X j •/? 

Plate Box Girders. The plate box girder, Fig. 111-c, needs no 
explanation as to the method of design, requiring the same procedure 
as the plate girder. It is used for very hea\'y loads when the depth 
allowed is greater than the deepest I-ln^am but not suflGcient to per- 
mit the use of a gird(*r with a single web. It is to be noted that the 
rivets connecting the flange angles to the webs are in single shear, 
hence the shearing value rather than the bearing value of the rivets 
will be used in computing ri\ et spacing. 

PllOBLK^f 

(\nnputo the moment of inertia of a girder made of two web plates 36'X 
four angles O'Xd'X J", two flange plates 22' X^i nnd two flange plates 22'X Ml*'* 

Unsymmetrical Sections. Thus far iu the discussion of riveted 
girders the sections considered have bt'en symmetrical about the 
neutral axis and, therefore, the neutral axis has been at mid-depth. 

It sometimes hapjxjns that the two flanges cannot be the «ame. 
This makes the ct)mputation of the moment of inertia more difficult. 
Having made the first approximation of the section, it is necessary 
to find the ctMiter of gravity of the asMimed section, p. 35, and then 
the moment of inertia about the neutral axis (through the center 
of gravity), p. 36. 

''Wie common examples of unsymmetrical sections are ffri^ne 
girders, I-lieam lintels w ith one flange plate, girders requiring extra 
lateral stifl-nesson account of unsupported top flange, and I-beams 
with rivet holes in the tension flange at the place of maximum 
liending moment. 

In de^^igning such girders the flanges are made as nearly equal 
ns practicable^ so that the neutral axis may be near mid-deptlu, 

Of course this cannot be dfttle when, a single flange plate is used on 

cm I-kdliun. With the exception noted. tibe 




6t OFPOSiTC HAtID EXCEPT PLATES po OMITTED SECTION 

Fig 125. ^MH> Detail Drawiag ef Girder, the Drawing of Which Is Shown in Plate O 
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neutral axis, the procedure in 
designing is the same as for 
symmetrical girders. 

Probi-emm 

1. A lintel 18 made of a 12*^ I 
31 and a plate on the top flange 
12 "XA^ WTiat is the moment of 
inertia of the section? 

2. Wliat 18 the resisting mo- 
ment of a 15" I 42# which has two 
holes for 2-inch rivets in the Ixittom 
flange? 

PRACTICAL APPLICATIONS ^ 

Girder Supporting a Col- 
umn. In order to get the 
rooms in the lower part of a 
building arranged satisfacto- 
rily, it is sometimes desirable 
to space the columns differ- 
ently than they are placed 
above. This makes it neces- 
sary to carry the upper col- 
umns on girders. Such a rase 
is shown in Plate O, p. 285. 
As is usual in such cases, the 
amount of vertical space avail- 
able is limited and the depth 
of the girder is fixed by other 
considerations than ec*onomy 
of design. The top is limited 
by the floor level alxwe, it 
being nec'essary to have room 
for firepnxifing and for the fin- 
ished flooring. The bottom is 
limited by the clearance re- 
quired for the floor below. The 
actual depth of web is de- 
termined after making a "pre- 
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liminary design of the flanges and finding the approximate thickness, 
of flange plates. 





Fig 127. CJinltT for (iarHso Roof 




The vertical shear is so large tliat a single 
web plate would have gn^ater thickness than is 
desirable and, furthermore, the shape and pi i- 
tion of the supporting columns would make the 
connection of a single girder somewhat difficult to 
design. This leads to the adoption of two web 
plates. 

At the .supporting columns it is desired to 
connect one web plate to each flange of the col- 
umn as shown. If a box girder were used, it 
would be difficult to erect it, hence two girders 
best fulfill the conditions. Having settled the 
above points, the girder is designed by the meth- 
ods which have been given. Plate O show s the 
design drawing of the girder and Fig. 1 25 is the 
shop detail drawing. 

Problem 

In the first story of a building it is necessary to omit 
acolumn and 8uppor| the upper part of the column on a 
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(prder. The span of the girder is 96 feet. The load is 540|000 pounds applied 
at the center of the span, and in addition to this there is a u. d. load from the 
second floor, the weight of girder with its fireproofing amounting to 4200 
jfiounds per lineal foot. The depth available is 50 inches. Design the cross 
section of the girder. 

Plate Girder LinteL Fig. 126 shows a plate girder used as a 
lintel over a driveway into a building. It supports the wall above 
and the floor loads which bear on the wall. 

Roof Girder. A garage roof is to be built with no supporting 
columns, so it must be carried from wall to wall on girders. The 
roof slab rests on I-beams which rf| r 



fig. 129, rittto Girder Bearing on Miuionry Fig. 130. Diogmni Showing Wob Connection of 

Girder to Column 


are connected to the girders. The dimensions and loads are given 
in FiJ. 127. There is no limitation of depth, the most economical 
section being desired- 
Pboblbm 

Oedgn the girder fw the conditions given above and make design drawing 
at Irineh scale. 

Cranb Girders. Crane girders do not belong to the dass of 
.buildings now under consideration. Fig. 128 represents a tyincal 
crane girder and is givefTtb iOustrate the use of an unsymmetrical 
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section of girder. The stresses in a crane girder and the design are 
explained under Runway Girders in “Roof Trusses*^. The channel 
on the top flange is required to give lateral stiffness to the girder in 
order to resist the lateral thrust of the crane when the carriage is 
moving crosswise of the build- 
ing. It also serves incidentally 
as a guard rail. 

Problem 

Locate the neutral axis of the 
girder illustrated in Fig. 128. 

DETAILS OF CONSTRUCTION* 

End Bearings. When the 
end of a girder bears on ma- 
sonry, Fig. 129, the bearing plate 
is designed in the same manner 
as for beams. W’ith riveted 
girders it is much more fre- 
quently necessary to replace 
the plain bearing plate by I- 
l)eams to spread the bearing 
along walls, than when the 
girder is an I-beam. A sole 
plate should be riveted to the 
bottom of the girder. It stiffens 
the flange angles and fui^iishes 
a more even bearing surface 
than the angles. In high-grade 
work, the bottom of the girder 
may be faced before the sole plate is attached. 

‘ A very heavy load may require a bearing plate thicker than it is 
practicable to obtain. Then, if it is not desired to use I-beam grill- 
age, a cast-iron pedestal may be used similar to those used for 
columns. The method of designing them is given under columns, 
p.220. 

Problem ^ 

Design the end bearing for the girder specified in Fig. 114. 

«Tlie detail* of at^ffener anifUa, fiOar piataa, fianga ptaUa, and riwat apoeing have been dia- 
ottMad and ainstrated m the preoedinc patee. 



Fiff 131 Diagram Showii^ Bracket Connection 
ol Qirdor to Column 
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Connections to Columns. Weh Angle Cmneclion, The con- 
nection of a girder to a column is usually made with web angles. 
The connection is designed in the same manner as for I-beams, The 
angle legs connecting to the girder web should be wide enough to 



talc© two rows of rivets and, if the construction is heavy, the filler 
plate should be wide enough to take a row of rivets beyond the 
edge of the angles, Fig. 130. The end angles must be set accurately 
to tlie correct length and at right angles to the axis of the girder. 
In railroad bridjge construction the end angles are required to be 
faced and| to allow for it, tlie angles used are i inch thicker than 
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otherwlije would l>e required. Thb should be done on heavy work 
in building construction. 



{C) SPLICE IN WEB PLATE. 

Fii^k 13.*). Diagrams of Rplic^H in thf Mi mix ni of a IMati CSinli r Hrdioti 


Bracket Connection. The Imirket eoniuH-tioii, Fig. 131 , may 
be used. It does not make as stiff a joint as the web connection and 
diould not be used unless tliere is some special reason for it. This 
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type of connection is specially applicable to box columns on which the 
brackets must be riveted before the column is assembled. Other 
forms of connection may be used to meet special conditions. 
Fig. 132 shows a connection of the web directly to the face of the 
column. 

Splices. It is self-evident that there should be no splice in a 
girder section or in any of its members unless such a splice is abso- 
lutely necessary. If the splicing is of individual members rather 
than the whole girder section, the extra work is done at the shop 
instead of in the field and, therefore, is not so serious. 

Splicing Vue to Transportation Difficulties, The splicing of an 
entire girder section may be occasioned by transportation condi- 
tions but it is exiH'nsive on account of extra material and field 
riveting required, and cannot be considered as good as the unspliced 
section. A girder of any length likely to occur in building construc- 
tion can be shipped by rail, so that the matter involves only the 
comparison of the extra freight cost with the cost of the splice. 
But transportation by boat involves not only the extra charge for 
long members but an absolute limit to the length that can be stowed. 
The designer, if not familiar with freight rates and rules, must inves- 
tigate them, if girders longer than 36 feet are to be shipped. 

Splicing Due to Members Longer than Stock Sizes, The individual 
members of a girder may need splicing, due to inability to secure 
material of sufficient length, which often happens w^hen material 
is ordered from stock. This indicates the desirability of consulting 
stock lists while designing, so that the available sections may be 
used. The rolling mills regularly furnish angles 60 feet long and by 
special arrangement wdll furnish longer lengths. All usual sizes of 
cover plates are furnished in lengths up to 85 feet. Web plates are 
most likely to require splicing. Lists of extreme sizes are given in 
the handbooks. Greater lengths than there listed can be secured 
from some mills, but it is safex to be governed by these lists unless 
definite arrangements can be made for the longer plates. 

FuU Strength Splices for Flanges. Both tension and compres- 
sion flanges must be fully spliced, i. e., the entire tension or com- 
pression must go through the splice plates and angles and the rivets 
by which they are attached. In this case no reliance is placed on 
abutting ends of compression members as is done in columns. 

vn 
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Figs. 133-a^ -b, and -c show, respectively, splices in a flange 
plate, in flange angles, and in web plate. 

Splice for Flange Plate. Fig. 133-a. The flange plate is 14*^ X V* 
The stress must be carried across the gap by a single plate (assum- 
ing that there is no unused capacity in the flange angles), which must 
not be less than The net area of this plate after deducting 

rivet holes is or 6.125 square inches. Its tensile value is 

G.125X 16,000 or 98,000 pounds. The splice rivets are in single shear, 


hence the number required on each side of the joint is 


98,000 

5300 


or 19. 


Use 20 rivets. 

Splice for Flange Angles. Pig. 133-b. The flange angles are 2 
Ls G'^XO'^Xf". Their area is 2x7.11 or 14.22 square inches, which, 
after deducting one rivet hole from each angle, becomes a net area of 
13.12 square inches- The splice plates must have this net area. It 
is desired to splice both legs of each angle as directly as possible, 
so the splice plates are arranged as shown. Their sizes and net 
areas are 


m 2 PI. 5" XF> net area 6 18 
n 1 PI. 13"xr, area? 03 


Total 13 21 sq. in. 


From these values the number of rivets ca. be computed in the 
usual way, noting that the rivets through m are in double shear and 
through n in single shear. The plates m must extend beyond n at 
each end far enough to take two additional rivets. The purpose of 
this is to relieve the angles of a portion of their stress before the first 
hfAes in n are leached. Otherwise, in designing the main girder 
section one hole additional would be deducted from each angle. 

Splice for Web Plate. Fig. 133-c. The web plate must be spliced 
to transmit shear and bending according to the amount of these 
stresses where the splice occurs; if at the place of maximum bending 
moment, only the bending stresses need be considered, shear being 
zero; if near the end where the flange angles will take care all the 
bending stresses, then only the shear need be provided for. 

Resistance to Bending. The necessary resistance to bending 
can be famished by a flange plate, as in Fig. 133-a; by splice plates 
on the angles, as^plates m in Fig. 133-b; or by splice plates o in fig. 
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133-c; or by any combination of them. In either case the moment 
of inertia of the net section of the splice plate must equal that of the 
web plate, or such portion of it as is needed at the plac*e w'here the 
splice occurs. It must be notcil that a web plate which must be 
spliced loses some of its moment of inertia bccaui>c of the holep for 
attaching the splice plates; consc'quently, it is better, if practicable, 
to use a form of splice which will add no rivet holes. If a flange 
plate is used as a part of the girder section, then an additional flange 
plate may be used for splicing the web. If there is no flange plate 
in the girder section, then plates such as ?//, Kig. 133-b, may be lAed 
to advantage for all or part of the web splice. 

Taking for example the girder in Fig. 110, the web plate is 48*^ 


fFL 
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Fig. 134. Splioe lu Plate Oirdor 



X Its net moment of inertia is 2020, p. 141. Two flange plates 
14^ Xi*', after deducting 2 rivet holes from each, have a net \alue of 1 
/ = 2Xl21XiX24.9X24 9=3800 
which is more than required. 

Taking the girder shown in Fig. 115, if a flange ^late^ should be 
used for splicing, the angles w^ould be weakened by ine fivet holes* 
for attaching the plate. If plates such as w, Fig. 133^, are used, 
no additional rivets are needed. Try four plates 5"'X|'. Their net 
value of 1 after deducting one rivet hole for each is 
* /«4X4iXiX20iX20H 2600 
which is near enough to be^ satisfactory. 
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In a similar manner, plates o, Fig. 133-c, are found to be 
The strength of -the splice plate must be developed by rivet bearing 
in the web plate requiring 10 on each 
side of the joint. Although this is the 
most direct method of splicing for bend- 
ing, it is not as economical as either of 
the other methods given above. 

RenManre to Shear, For resisting 
shear, the splice plates are in the form of 
the plates p, Fig 133-c. On each side of 
the joint there must be enough rivets to 
transmit the total shear. They may be 
in one or more rows. The thickness of 
each plate must be at least half that of the web plate and is sub- 
ject to the same minimum. Hence, in this case the thickness is 
made A i»ch. 



Fm Hriuft (or riati' CJirilcr 



Position of Spikes, Girders completed in the shop will have splices 
arranged to come at different places; thus the w'cb may be spliced at 
the center and the angles near one end; still letter, one angle may be 
spliced cm one side of the center and the other on the opposite side. 
Of course, in a field splice all the elements are joined at one place. 
The method of computing is the same as has been given for the 
individual partj^ of the girder (bearing in mind that the rivets are 
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field driven). Fig. 134 illustrates such a splice made up from the 
several splices shown in Fig. 133. 

Problem 

Design field splice for plate girder shown in Fig. 115. 

Lateral Support. Girders, like beams, must be supported later* 
ally to prevent the compression fiange from buckling. Schneider’s 
Specifications provide that *^the unsupported length of flange shall 
not exceed 16 times its width. In plate girders used as crane run- 
ways, if the unsupported length of the compression flange exceeds 
12 times its width, the flange shall be figured as a column between 
the points of support.”* 

In most cases the lateral support is provided by the joists or 
floor construction. Where this is not the case, the supports can be 
provided in a number of different ways. For lengths up to 25 feet, 
the necessary stiffness can be provided by the use of wide flange 
plates. For greater lengths, box girders may be used, if the load 
warrants their use. Fig. 135 shows a plate girder to which a joist 
connects near the bottom. From this joist a bracket extends up to 
and supports the top flange. The corner brace indicated in Fig. 
136 sometimes may be used to advantage. 

As provided in S<*hneider*s Specifications, crane girders whose 
length exceeds 12 times the width must be designed as columns. 
The method is the same as given hereinafter for columns. 

The ends of the girders must be especially well secured against 
overturning. When connected to columns or other girders, the 
desired result is easily attained by the use of web angles or top con- 
nection angles. If the end rests upon and is built into masonry, the 
required support is thus provided. Fig, 137 shows one girder rest- 
ing on another and braced thereto. 


*Tr^n9t^^W9 Soc%«ly of Cwt Engiftoora, Vol LIV, p. 405. 
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PART III 


COMPRESSION MEMBERS-COLUMNS 

STEEL COLUMNS 

Definitions. A column (or strut) is a member subjec*ted to 
compression in the direction of its lonjj;itu(liiial axis, i. e., subjected 
to axial compression. The term ^'column** is usually applied to a 
^'ertical membfer subjected directly to a gravity load. The com- 
pression members of trusses, and also small isolated members, and 
members in other than the vertical position, are called ^‘struts^’. ' 

A series of columns in a vertical line is cnlliMl a ‘‘stack’’. 

The columns in any one story of a building constitute a “tier”. 

Loads and their Effects. Comjmiatiim of Ixxids, The loads on 
a column are applied to it by the column section above and through 
the connections of other members or other n ‘iteriuls. Most com- 
monly this is through beams and girders. Ihe amounts of these 
loads may be taken from those previously computed for the Ix'ams 
and girders, or may l>e computed direcjtly from the floor and wall 
areas tributary to the column. The former method is easier when 
the loads and areas are irregular, and the latter when the loads are 
uniform and the arrangement of bc^ains regular. Practical exam- 
ples of computing the loads are given later in this book. 

The ideal condition of loading of a column is had when the load 
is applied uniformly over the top of a column, and when the bottom 
of the column bears evenly on its support or foundation. In a 
stack of^ooluimis, the load on any column which comes from the 
cdumn above is usually applied in this ideal w^ay. But the other 
loads are generally applied to the sides of the column through beam 
connections, in many cases with greater loads on We side than on 
the other. - * 



174 


STEEL CONSTRUCTION 


Loads applied centrally, or which are equally bahnoed on oppD> 
rite sides, are called “concentric loads”, Fig. 138-a. Loads applied 



138. Diagram Hhot^ing 
Sxamplea cif (a) ('onccntno 
Loads and (b) Eooontric 
Loads 


to the sides of the oolmnn and not balanced, 
or those which bear on top but are not cen- 
trally placed, are called “eccentric loads”. 
Fig. 138-b. These terms apply to the bear- 
ing at the bottom of the column as well as 
to the loading at the top, but usually the 
l>earing at the bottom is made uniform, i. e., 
concentric. 

Concentric Loads, Concentric loads. 
Fig. 139, produce direct or axial compres- 
sion in the column. This compression may 
be considered as evenly distributed over the 
entire cross section, even if the loads be 
balanced loads connected to opposite sides 
of the column. Then the unit stress P on 
the column is the load W divided by the area 
A; which is expressed by the formula 


Conversely the capacity of a column or its total permis- 
sible load is the allowable unit stress multiplied by the 


For example, assume the load on a column to be 
190,000 pounds and the area of the assumed column 16.4 
square inches. Then the unit stress, or average compres- 
190 000 

Sion, IS . ' . or 11,585 pounds per square inch. 

• 16.4 

Eccentric Loads. Eccentric loads, Fig. 140, produce 
axial compression and in addition cause bending stresses. 

The axial compression is determimd in the same way |}[||J 
as for concentric loads^i. and the bending stresses in the 

Fig. 139. Di*- 

same mumer as for beams, p. 81. 

Tbe bending, or eccentric, moment of the load is ^e 
amount of the load mult^KSSi by its distance from rite neutral asndf 
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the column. The sum of the ludnl compression per square inch and 
the maximum compression fiber stress per square inch is the maxi* 
mum combined stress resulting from the eccentric load. (See Flex- 
ure and Compression for Beams, in ^'Strength of Materials”, Part 
II.) This is illustrated in Fig. 140. IT' is an eccentric load. The 
direct stress in the column is represented by the area abed and 
equals W. (This area may represent the total 
load on the cdumn if there are other loads than 
f-n bending moment produces the com- 

pression o b V and the tension o c c'. Then the 




T 


maximum fiber stress in the column is a I/, being 
the sum of a 6 and b b\ On the side opposite to 
the ecwntric load, the tension due to btmding 
overcomes part or all of the compression due to 
direct stress. The result in this case is dr'; but 
the stress in this side of the column rarely needs 
consideration. Of course, the eocrentricity may 
be so great that the opposite side of the column 
is in tension, but even this does not require 
attention unless the column is spliced. 

The total stress prcxluced by all the loads 
equals the sum of the stn^sses produced by the 
loads separately*. Some nuthorities allow 
fourihs of the bending vioment to be used in 
computing the effect on the column. This prac- 
tice is satisfactory and is followed in the illus- 
tration used later in this book. 

Fir, 140 Diuniin of Typical Cases. The entire load on the col- 
umn, including its own weight and the weight 
of the fireproofing, must be determined (making 
no distinction between concentric and eccentric loads). Then 
cmnpute the bending moments due to the eccentric loads^ 
dividing these moments between the respective axes of the 
column. . 

(a)* As an example, refers to Figs. 139 and 140, letting them 
repfeaent the same column. Assume W a concentric load of lOO^^pOO 




fltattnMiit not exaeUy eorreet but rv^prpwntu umiul prtcitce. 
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pounds; JV^ an eccentric load of 50,000 pounds; and € an cccen* 
tricity, or lever arm of fV', of 10 inches. Then 


Total load - 100,000+50,000 = 150,000# 

The bending uK)ment due to the eccentric load is 
M = 50, (KK) X 10 = 500,000 in.-lb. 

As a trial section, take a column made of 1 PI. and 

4Ls 6''X«*H"XS^' from which c, the distance from the neutral axis to 
the extreme fiber, is 6.125 inches; r, the radius of gyration about 

the same axis as the bending moment, is 5.00 inches; section 

modulus, is 74 7 inches®; and d, the area, is 18.2 square inches. 
^^he average stress resulting from the total loacl is 


This is represented by a b in Fig. 140. 

The maximum fiber stre.ss resulting from the bending mf»ment, 
taking three-fourths of the computed moment, is 


]X5(X),(lK)^,^^20#persq.m. 

74 7 

This is represented in Fig. 140 by b 1/ and c c* in compression ami 
tension, res|>ectively. 

Then the total maximum fiber stress in the column is 
8240+5020= 13,260# per sq. in. 


This is represented by a b\ 

The method of determining the allowable stress has not yet 
been given so it cannot be <le<‘ided wliether the trial section given 
above is satisfactory. 

(b) Fig. 141 illustrates cases of concentric and eccentric load- 
ing. In each of them there may be a concentric load from the 
column section above. In Fig. 141 -a, the loads are concentric, pro- 
vided those on opposite sides are equal and balance each other. 
If m be omitted, o becomes eccentric, but as' it connects to the web 
of the column the eccentricity is small and usually is mglected. 
If n be omitted, p becoriies eccentric with a moment arm e and a 
bending moment pXc* If ti is less than p, the difference is the 
eccentric load and the moment is (p— n) Xs. In Fig. 141-b, 

the load^ii is eccentric about the axis and the bending moment 
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h uXe 2 * The^ resulting fiber stress must be computed from the 
moment of inertia about the same axis. The load v is eccentric 


about the axis 1-1, and the bend- 
ing moment is r The result- 
ing fiber stress must be com- 
puted from the moment of inertia 
about the same axis. Botli 
eccentric loads produce compres- 
sion at the coriier d, hence the 
effects of both must be added to 
tlie axial stress produced by the 
total load, in order to determine 
the maximum fiber stress in the 
(*olumn. 

As an example, take Fig. 
141-band assume the following 
data, taking for the trial section, 
a column made of 1 PI. 12'' Xf" 
and 4 Ls C'^X3^''xrfro*» which 
7, is 213; is 721 ; q is 0^"; is 
OJ"; c, is 7^ is 9i"; and A is 2! 




1 

1 





1 

1 

1 

1 


E 

W 

& 

I'lK 141 DiiiKmmrt Shotvintc fa) CVmroiitn^ 
Load uMil (Vj) Eooentric on Coliiiiini 

► 7 sq. ill. 


Concentric load from column .section abo ^ e = 15(),(XX) 

»= 3(),f)00 
«= 45.(X)0 

Total load =22."), (KM)# 

» 

Unit stress from total load = ^-- = 7575^ per in. 

= 30,000 X 7 = 2 1 0,000 in.-lb. 
f of this = 157,500 iii.-lb. 

Unit fiber stress due to u = = — =4720^ per sq. in. 

^ 1 o 


Af,«45,(X)0x9i = 416,000 in.-lb. 

• i of this =312,000 in.-lb. 

Unit fiber stress due to « = — = 2650# per sq. in. 

Total fiber stbess at d*® 7575+4720+ 2650*“ 14,945 per sq. in. 
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Problem 

ABsumc a heavier column section for the example given above and compute 
the total maximum fiber stress. 

Eccentric Ix)ad In Terms of Eguivaleni Concentric Load, The 
effect of the eccentricity of the load can be expressed in terms of an 
equivalent concentric load, i^hich can be added to the actual load 
and the resulting total be applied as a concentric load, giving 
the same maximum stress as if computed by means of the bending 
moment. The proportion to be added, if the full eccentricity is 
used, is given by the expression 


Or, if the reduction in ec'centricity is made in accordance with the 
rule on p. 175, the expression is 

In these formulas li ' is the e(‘centric load and Il’c' is the 
equivalent concentric load. Before this method can be applied, it 
is necessary to select the trial column section, and from it compute 
the values of c and r. As the values of c and r for the trial section 
will vary but little from those for the final section, it usually will be 
unnecessary to correct the equivalent concentric load computed by 
this method. 

Referring now to the example illustrated in Figs. 139 and 140 
and explained on p. 176, the eccentric effect is 

ir/ = i X50,(KX)X - = *91 ,875# 

•)Xo 

Then the total equivalent eoncentrie loail on the column ib 

ir =100.000 

1P= 50,000 
HV= 91,875 


241,875# 

and die resulting stress in the column is 


24h875 
18.2 ■ 


13,285# per sq. in. 


This result agrees cIoseI;)j;^^th the results obtained by use of the 
bending moment. It wo^d agm exactly if all the computations 
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and the valties of the properties were pven in more exact figures. 
Note that the equivalent concentric load is not carried down into 
the next lower section of column but disappears at the bottom of 
column section under consideration. 

PaOBLBlf 

Compute the equivalent concentric load and the resulting unit stress for 
the eccentric loads u and v in Fig. 141-b from tlie data given on p. 177. 

Strength of Columns. The ideal column is perfectly straight, 
symmetrical, and homogeneous, but these conditions are never fully 
attained. The material may not be exactly straight, then inaccur- 
ate workmanship, the punching of rivet holes, driving of rivets, 
abuse in handling, and internal defects of the steel, all co-operate 
to produce results somewhat short of ideal. These imperfections 
are of more importance with long than with short columns, and like- 
wise with small columns than with large ones. 

The foregoing conditions make it necessary to use lower stresses 
in columns than are used for beams; also to vary the stresses accord- 
ing to the length and size of the column. The relations cannot be 
expressed in a rational formula, that is, a formula deduced fropi 
theory, as is the case with beams; hence empirical formulas are 
used, i. e., formulas based on experimental data. A large number 
of tests have been made to determine the effect of the length and 
size on the strength of columns. Several f«»rmulas have been 
derived giving results agreeing closely with the tests. 

Formula for Unit Stress. The simplest of these formulas and 
the one now most generally used is 

P = 16,000 - 70*- 
r 

in which P is the permissible compression per square inch of cross 
section; I is the unsupported length of column in inches; and r is the 
least radius of gyration in inches. The radius of gyration rather 
than the side or the diameter is used as* the measure of the size of 
the oolumn as it relates more directly to the stiffness. 

From the above formula the allowable stress per square inch 
can be determined for any column having known values of I and r. 
Thus if and r«2.4*' 

IKTI 

P«16,000-70~» a6,000-5250* 10,750# persq.tn. 

* 2.4 
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Then the total capacity IV equals PXA (p.l74); and assuming 
= 12.0 sq. in. 

10,750X12 0 = 129.000# 

The end condition of the column has some effect on the strength. 
A column ^^hich has ends resting on pins or pivots will not support 
as great a loa<l as one ^\l)i(■h has flat or fixed bearings. The formula 
given above applies to columns with flat or fixed ends and as these 
are us(‘d almost universally in building construction, the other 
formulas need not be (‘onsidered in this text. Pivoted and pin ends 
for cohimns occur in briflge construction and the necessary formulas 
for them are given in l)ooks on that subject. 

'ITie values given by the formula do not apply to v'ery long or 
very short columns. The maximum value of P allowed (see Unit 
Stresses, j). f)!) is I4,(M)() pounds. This corrc'sponds to a value of 

dO, so I4,(XK) mu'^t be used \vhen - is equal to, or less than, 30 
r r 

In the other direction the limiting value of is 120, according to most 

r 

spt'cifications. Ihmever, larger values may be used with safety if 
particular care is taken to avoid eccentricity. 

Schneider's Si>ecifications provide that ‘‘Xo compression member 
shall have a length exceeding 12.") times its least radius of gyration, 
except those for wind and lateral bracing, which may hav^e a length 
not exceeding ITiO times the least radius of gyration.”* 

The formula takes into ac(‘ount only the average imperfections 
in columns, and makes no allowance for the different styles of 
columns. Nevertheless, it is known that columns wdth solid WT,b 
plat(\s are more efficient than laced columns, and laced columns in 
turn ^ more efficient than columns with batten plates. There 
is no WTll-estahlished practice in reference to this but a rea- 
sonable allowance is to deduct from the values given by the 
formula 25 per cent for laced columns and 50 per cent for battened 
columns. 

Having adopted a formula by which the allowable unit stress 
can he .completed, the example given on p. 170 can be completed. 

*Tra^^clwna AmBruan CUnl Snfitiunn, Vol. LIV, p 496. 
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The trial section there use<l was a column made of 1 PL 12*'X J'' and 
4 Ls 6"'X3J'^X U, from which r (least value) is 2.5()*'; and -t is 18.2 
sq. in. 

Assume / = 102*', The allowable unit stress is 
" / I 

P = 16,000 - 70 - =16,(KK)-T0~~ = i:b2(K)# sq. in. 
r 2.5(1 

The maximum fiber stress computed from the assumed loading is 
13,2()0 pounds i^er square inch, heru'e tla* trial section is satis- 
fac^ry. 

Taking the examine on p. 177, the trial section of column is 
made of 1 PI. 12'^X«" and 4 Lsii'^XdP'xT* from which r (l(‘Mst value) 
is 2.68*^; and A is 29.7 sq. in. 

Assume Z = 138^. The allowable unit stress is 

P =]^^,00()-7()-^5^ = 12,4(M)# iMT s(j. in. 

2 (iS 

The maximum fiber stress computed from the assumed loading is 
14,945 pounds per square inch, hence the trial si^ctioii is not large 
enough and a heavier section must be tried. 

Properties of Column Sections. In the foregoing discussion of 
the formulas, it appears that certain propertic of the column must 
be known before the formula can be applied. The formula for 
allow^able unit stress requires the radius of gyration r and the 
unsupported length I of the column section. If the column sup- 
ports an eccentric load, the moment of inertia /, or the radius 
of gyration r, and the distance to the extreme fiber c must also 
be known in order to compute the maximum fiber stress due to 
bending. 

Area, The area A is computed by adding together the areas 
of the several pieces which make up the column section, l^'he areas 
of the iiidividuahpieees are given in the handbooks. No deduction 
is made for rivet holes. 

’ Dietance from Neutral Axis to Extreme Fiber, The distance to 
the extreme fiber from the neutral axis is readily comimted from the 
dhnensQDs of th(;,f 9 C)j[uiim section. It must be taken from the axis 
about which ihe bending moment is computed. Thus, in Fig. 


19 $ 
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141-b, Tj must be used in connection with the load w, and in con- 
nection with the load v. 


Moment of Inertia. The moment of inertia is computed by the 
method explained and illustrated on p. 37. It also must be taken 
in reference to the neutral axis about which the bending^ moment is 
computed. Thus in Fig. 141-b, I must be calculated in reference to 
axis 2-2 for the load ?/, and to axis 1-1 for the load v. 

Radius of Gyration. The radius of gyration is computed about 
each axis by the method explained and illustrated on p. 38. The 
lesser value is usually required for computing the unit stress, but 
either or both may be required for computing eccentric efP^ts. 
Thus, in Fig. 141-b, both radii of gyration are used. 

There are conditions under which the larger radius of gyration 
is used. One such case is that of a column built into a masonry 
wall in such a way that it is supported by the masonry in its weaker 
direction, Fig. 142. Then the larger radius is used, but designers 
are cautioned against using this unless the wall is so substantial that 



it gives real support to the col- 
umn. A casing of brick or con- 
crete or a poorly built brick wall 
is not sufficient. 

It sometimes happens that 
a column is supported in one 


Fig. 1^2 SeoUon Showing Column Bupporled <lirection at clqSCF intervals than 
by Masonry iii Its Weaker Direction , i i- • mi 

* in the other direction. The 


weaker way of the column should lie turned, if practicable, in the 
direction of the closer supports. Then the design may be governed 
by the lesser radius combined ivith the shorter length; or by the 
greater radius combined with the longer length. 

Unsupported Ijcnyth. The length I is needed for solving tbe 
allowable unit streas. It is expressed in inches and is the unsup- 
ported length of column. This unsupported length is usually 
iQeasured from floor to floor, but if there are deep girders with rigid 
connections, the clear distance between girders may be taken as the 
length. 


PBOBLBM, 

Compute tlie,value8 of A, c,, r^ sad n, for the eohima sectiofie, 
which ate shown in Fig. 143. ^ 
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Colunin Sections. Practically all rolled sections of steel may 
be used as columns or struts, but only a few of them are economical 
when usud alone. Most columns are built up of several pieces. 
Fig. 144 shows a number of sections. 

Section a. The single angle is not economical but may be used 
for a light load. When used, its radius of gyration must be taken 
about the diagonal axis. 

Section b. Two angles make a satisfactory strut for short 
lengths and light loads. Usually angles with unequal legs are used, 
with the long legs parallel. The radii about both axes are nearly 
the same for most sizes. The value about the axis can be 
varied somewhat by the use of fillers l>etween the angles. Such 
fillers should be spaced two to thrive feet apart. 



Section c. The star strut is made of tw'o angles with batten 
plates. The batten plates in each <lir€!ction are spaced from two to 
four feet apart. They must be wide erfough for two rivets in each 
end. The least radius is about the diagonal axis 3-3. In accord- 
ance^ with the rule, p. 18(), this being a battened section, the unit 
sttese should be only one-half that given by the formula. Conse- 
quentHy, the section is not economical but is suitable to use when 
the load is light. It is quite useful as a brace between trusses and 
other similar situations. 

' Section dL Four angles placed at the corners of a square and 
joined together with lacing bars can be made to have a large radius 
of gyration with a small area. This makes a column suitable for 
supporting light loads on a long length. It is not suitable for 
e^nttb loads, ^e spacing of the angles may be made as great 
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as required 'by the conditions. The allowable unit stress on this 
section must be rediu'ed on ac^>unt of the lacing in accordance with 
the rule, p. 180. However, if the column is filled and encasinl in 
^•oncTete, the full unit stress may be used. It is well adapted to 
use in this way. On ammut of the weight of the lacing and the 
cost of shop labor, this section is more exi)ensivc than most others 
for a given aK^a, hence it is usckI only for conditions descril>ed 
above. 

Section e. When the angles are placed in this form, the cost of 
shop work is somewhat retluccd, hut otherwise tlie above ccnninents 
apply. 

Section /. The Gray column* is made of eiglit angles joined 
together in pairs an<l these pairs are assembled into a column by 
means of batten or tie plates. The batten plates are usually made 
8" X and spaced wnter to center. The advantages of this sec- 
tion are its large radius of gyration and ease of making connections 
for beams and girders. Its disadvantages are that it is a battened 
column and, therefore, not capable of carrying the full unit stress 
given by the column formula; and that the expense of its manufacture 
is high, due to the bt'nt batten plates. It has Ix'en used extensively 
with the full unit stress; howexer, it seems more reasonable to make 
some reduction. Since the battens are quit(' rigid the column is 
probably as good as a laced column, hence i' can l)(‘ used with a 
reduction of 25 per cent from the full unit stress. This column is not 
adapted to ecc*entric loads and is Ijest suited to load conditions 
which wmuld bring in equal loads to each of its four parts. This 
seldom occurs, the most common arrangement Ixiug two girders on 
opposite sides and two joists on the other sides. Thus two 
segments of the column are loaded much more heavily than the 
other two. The batten plates cannot be relied upon to equalize 
the load, but heavier angles can be used for the heavier loads. If 
this system of proportioning each segment to suit the loads which 
connect directly to it is used, the chief objection to this type of 
column is eliminated. 

When filled and encased in concrete, the Gray column is very 
rigid and can then be loaded to the full unit stress. It is especially 
suitable as the core of concrete columns, and can bemused thus in 


nMgoed «ad tuMtad by J. H. Gr»y. C.E., New York, N. Y. 
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connertion with reinforced concrete floor frahaing. When so used, 
the column /nay be rotated 45 degrees from the axis of the girders 
if it is desired to pass the reinforcing rods thnmgh the column, 
llie l)earing of the Inrains and girders in part can be directly on the 
coiKTcte corc» aiul in part on lug angles riveted to the faces of the 
column. 

The (iray column can be made any desire<I size using any 
standard angles. The practicable limits are ten inches square 
(minimum) and twenty inches square (maximum) 

Section g. A column moiie of four angles laced has little merit as 
compared with the plate and angle column which is next described. 
Its only claim is that in some casc‘s it may be cheaper to use lacing 
than to use a web plate. This would be so if there were some 
sptK'ial condition requiring a deep column. As with other laced 
columns, it should not be allow^ed the full unit stress and should not 
be subject to any considerable eccentricity. 

Section h. The plate and angle column is probably the most pop- 
ular shape for buildings. It does not give the most economical dis- 
tribution of metal, as the value of r is much greater about the axis f-/ 
than about Its advantages are economy of manufacture and 
case of making connections. Advantage can be taken of the greater 
value of r (and therefore of 7) about the axis 7-/, in providing for 
eccentric Icaids by so placing the c*olumn that the bending moment 
is about this axis. 

Sections i, j, and k\ In the use of heavy forms of plate and angle 
columns y a considerable variation in area can be made by varying 
the thickness of metal, keeping the depth constant, and making only 
a slight change in the width. If greater ah^a is needed, flange and 
web plates may be added as in t, and still greater area may be 
secured by using the forms j and k. Section k is difficult to fabricate. 
The flange plates must be riveted to the center web first, and afto 
this is done it is difficult to insert the outside w'eb. 

Sectiofi /. Tvv channels laced have a large value of r in propor- 
tion to the area. The channels can be so spaced that the values of 
r for both axes are about equal. This section, of cedumn has the 
same disadvantages as to unit stress and eccentric loads as other 
laced columns. The connections for beams and ccdumiis are more 
difficult to make than on |ill£te and angle columns. 
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SeetioM m, n, and o. The columns made of channels and plates 
have good distribution of metal. Their chief disadvantage is the 
difficulty of making connections. All rivets in connections, except 
those which go through the flanges of the channels, must be driven 
before the plates and channels are assembled. The section o, having 
three webs, has the same difficulty of fabrication as section k. Ob- 
jection is sometimes made to the closed box section. This is dis- 
cussed later. 

Sections 2^- find q. Section p is the standard Z-iwir cohmn, and 
section q is the Zd>ar column with flange plates. The distribution 
of metal is not as good as in channel columns and the connections 
are even more difficult. These sections were formerly much used 
but now only rarely. 

Section r. The standard I-beam is not an economic’al column 
section but is used to meet special conditions. It is suitable when 
built into a solid masonry wall with its web perpendicular to the 
axis of the wall. It is thus supported sidewise continuously and 
can be designed in reference to its larger radius of gyration. In 
apartment or residence work it is sometimes so desirable to keep 
the column within the thickness of the partition that the lack of 
economy of the I-beam column is justified. 

Sections s, t, v, and v. The columns s, t, v, and v are not much 
used. There are no serious objections to any i/ them, and they may 
have advantages in special situations. Quick service from stock 
material nmy require the use of these sections. 

Section u\ The Carnegie H-sections are designed especially for 
use as columns. There are only four sizes, viz, 4, 5, 6, and 8 inches, 
respectively, and only ohe weight for each size, consequently their 
range of usefulness is very limited. The radius of gyration about 
the axis 1-1 is greater than that about 2-2 ^ but the distribution of 
metal is as good as in any H-shap>ed column. They are economical 
because so little labor is required for fabricating them. Only the 
fi-inch and 8-inch sizes can be used where beams must be connected 
to the flanges. 

Sections x and y. The Bethlehem columns have a large range of 
sizes and weights. If the H-sectioh in x is not heavy enough for the 
it can be increased by riveting on flange plates as in y. The 
advantage of this43nP6 of cedumn b economy of fabrication, the only 
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riveting rt^quired being for connections, except when flange plates 
are used. A part of this advantage is lost in the heavier sections 
bei^ause all holes must I)e drilled, due to thickness of metal. The 
thick metal is not as strong nor as reliable as the thinner metal used 
in built-up sections. 

Tables. No comprehensive set of tables giving the properties 
and strength of (‘olumns has been published. But there are many 
partial tables which are of great assistfi|||l^ in designing. These 
tal)l(»s can l>e divided into three classes as follows: (1) tables giving 
the projK^rties of tlic sedions; (2) tables giving the values of the 

allowable unit stresses for different values of and (3) tables giving 

T 

strength of columns of various sections and lengths. 

ProyeriieH of Sectiom^. The properties of sections needed are 
area A ; radius of g> ration r; moment of inertia 7; and distance to 
extreme fiber c, (Sec p. ISJ). If the column is a single rolled 
section, its proix'rties can he taken from the tables in the handbooks. 
The values for standard angles and I-beams are given in|All the 
handbooks; for the (^arnegie H-columns, in the Carnegie rocKtet 
rompanion, 1913 edition; and f(»r the Bethlehem columns, in the 
Bethlehem handbook. 

Built-up columns may be made up in such vast numbers of 
combinations that no complete or very extensive tables have been 
published. However, the more common sizes are given in some of 
the handbooks. The area A and the distance to the extreme fiber 
c are readily computed from the sizes of material used in the colunau. 
The Cambria and Carnegie (1913) handbooks give the radii of 
g>‘¥ation r and the moments of inertia 7 for laced channel columns, 
plate and channel columns, and plate* and angle columns. The 
Carnegie handbook (1903) gives these properties for Z-bar columns. 
Similar data for about the same range of sizes are given in a number 
of other books on steel construction. 

AUmvaUe Unit Stress. The allowable unit stress adopted for 
this work has been given and illustrated heretofore. Its formula is 

. * ' p-ie, 000-70- 

This is sometupe^ known^)» the American Railway Eoipbieaw*.- 
fonnula and is hereinafter referred to as the A. R. E. fonmda 
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In the Carnegie Pocket Companion, (1913 Edition) pp. 254-5, 
are shown a table and a diagram which give the values of P as 
determined from several other formulas. The formula recom- 
mended by the American Bridge Company does not differ greatly 
from the A. R. E. formula and may be used (unless local building 
ordinances require otherwise). 

The formula used by the Bethlehem Steel Company is 




16,000 - 55- 
r 


with a maximum value 13,000. The resulting unit stresses for 
values of — greater than 45 are higher than given by the A. R. £. 

formula, and for values of -- greater than 65 are higher than given by 

the American Bridge Company formula. 

It saves much time in designing to have the values of P worked 
out for the usual values of / and r. Table V gives the values of P 
for valpes of r ranging from 0.1 inch to 6.0 inches and for 
ranging fropi 3 feet to 40 feet. Table VI gives the values of P for 

values of ■- ranging from 30 to 150. 

Strength of Columns, As indicated above, there has not l>een 
general agreement on the formula for the allowable unit stress, 
consequently the tables of strength of columns which have been 
published have been based on several different formulas. 

. Tbe, Bethlehem handbook gives the strength of Bethlehem H- 
columns computed frop their formula given above. Tabl^ VII 
gives the strengths of these columns based on the A. R. E. fonriilla. 
(Computed by the Bethlehem Steel Company, for use in Chicago.) 

The Carnegie Pocket Companion (1913) gives tables for Car- 
negie H-columns, I-beam columns, channel columns, and plate and 
angle columns, based on the American Bridge Company formula. 

Table VIII gives the strengths of channel columns based on 
the A. R. B, formula (computed by the American Bridge Company). 
The strengths ol plate an^ angle columns based oy the A. K. K. 
formula are given in a pampjblet '^Specifications for Steel Structures’' 
^fC^icago Edition), published by the American Bridge Company 
and distributed by its Chicago oflSice. 


m 



STEEL CONSTRUCTION 
























STEEl tK)NSTRUCTION 


101 


TABLE V (Continued) 

1 

Formula F- 10,000- 70- 


in which 


BtroM in pounds per square inch 
r» radius of gyration in inches 
2 tv length m inches 


Unit stresses above the heavy sigiag hne are values of from 125 to 150 


LENGTH OF CX)LUMN 

fF ri8nrt<i^r»nTt'T^~rM>~ faFIay llena/^ras'' \W |lo" 
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* TABLE V (Continued) ^ 

Unit bi Compression in Columns 

I of r fro=i 0.1 to G.O And lengths from 3 feet to 40 feet. Unit Stresses 
are given in Thousands of Pounds per Square Inch 


LENGTH OF COLUMN 

12' I 13' I 14' 1 15' I lF I 17' I 18' t 19' 1 20' | 21' 


lEOIESlIEilE^ 


Dfll 





gHgafrawgaiEn! 

toatBE^ 



EEOBXllESlEEilEEDI 





IMUSlSITOai 


12 5 


13 1 1 12 0 I 12 8 I 12 6 


12.7 


12 7 




imimiBgigHina^BHfFiPiimiEHiaaiiEBiEa 

rrninonnfi^gwiiriPiiEunntiiiaimingiinifTntii 

nr>“:iWiinr«iiT;itintMiMjiFniEnrRiiinnii 
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TABLE VI 

Unit Stress in Compression 


Valura ofiP for valuos of —=*30 to -- = 150 from the formula 10,000 70 — 
r r I r 


-T — ' 

1 

r 

l«.000-7«- 

r 

H.OrJO max 

1 1 

1ft, 000 -70^ 

14,000 max. 

;3o . 

13900 

105 

6650 

35 1 

13550 

no 

8300 

4(1, 

13200 

i 115 

7950 

45 

12850 

120 

' 7(100 

50 

/ 

125(K) 

I 125 

7250 

55 . 
fiO’ 

12150 

; 

130 

' 135 

6900 

118(X) 

6550 

m 

1 1450 

1 140 

6200 

70 , 

111(H) 

il 145 

5850 

75 

80 

10750 

10400 

150 

ii 

1' 

!| 

5500 

85 

10050 1 


00 

9700 1 


95 

KJO ' 

9350 

9(XH) 

j 



It must be noted that the tables of strength of eolumns take no 
account of eccentricity^ . If there are eccentric loads, the equit’^Bilerit 
concentric loads must l>e computed by the method given on p. 178, 
and then these values added to the actual loads. This result gives 
the total load to be used in selecting the column section from the 
tables. 

Use frf the Tables, The following illustrations show the manner 
of using tne tables: 

4^1) Assume a concentric load of 492,000 pounds on a column 
12 feet loitte. Determine the required column sections made of plates 
and els &nd of plates and angles. Compare the areas of the 
two Sk^ns. 

(a) iFrom Table VIII, the channel column section required is 

2 C 12^X30' 

2 PL 

A^»36.9 sq. in, 

m 
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(b) From the table of plate and angle oo!uinns (sed handbook)^ 
the angle column section required is 

1 PL 12'xr 
4Ls6"X4"xr 
2PL 14"xr 

Area « 39.0 sq. in. 

In both cases other sections might he selected. 

(2) Assume a load of 640,000 pounds on a f'olumn 16 ^feel long; 
80,0(K1 pounds of the load has an ec*centricity of 9 inches in thedirec-, 
t ion of the greatest radius of gyration. DetiTmine the pla^ and 
angle column required, using the A. R. E. formula. 7 ^ 

A preliminary selection from the table indicates a column w^liiifie 
greatest r is about 6.8 inches and whose c is about SJ inches. Frofii 
these approximate values the concentric equivalent loa<l is 

W, = J X S0,(HK) X = 99,00() # 

6.8Xb S 


This added to the direct load gives a total of 739, 0(K) pounds. The 
column section n^quired is 

1 PL brxr 

4Ls6*'X4"xr 

2 PL 14"xl A' 

The values of r and c for this section are (‘>.S3 inches and 8 ft inches, 
so the approximate values of r and r used above are accurate 
enough, hence no corrections need be made. 

(3) Assume a column whi(*h has an unsupporte<l lengtJ|||iSl|^l‘0 
feet 6 inches in its weaker direction and 18 feet in its stroiigerlOTCl^ 
tion made of 

1 PL 12^xr 
4Ls 6'X4"xr 


Determine the allowable unit stress. 

From the table the values of r are 2.69 and 4.91 


He cor* 


rejqponding values of I are 126 inches and 216 inches; aadHf — are 

43 Mid 44. The respective unit stresses are taken from Table Vl by 
interpedating betwem the values for 40 and 4.'>, giving 13^*190 ;and 
13,720. The ttnaller value must be used. 
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TABLE VtJI 

Safe Leads on Bethlehem Coli 
14' H -Section with Cover Pla 
Safe Loads are given in Thotieandfi of 


Area of Lout 
Soction Riidiiiii 

Square of Gyr , - ^ - - 

Inchea luohn J. U XX 


226 6 
255 0 

1283.0 

1311.0 
59 6 I 1339.4 



1395.6 

1427.0 
1457 0 

507.8 1486 0 
538 2 1517.0 
569.0 1547.4 
1599 4 1577.6 
1629 8 1607,6 
1660 2 1637.6 
1667.8 

1697.8 
1743.2 

1775.4 

1807.4 

1839.4 
1871 6 

1903.6 

1935.8 

1968.0 




Colunms compoaed of a 14'X148# Speoiai Column 
oover plates q^jipndtli and thicknesa given in tabiaw 


1555.6 

1585.2 

1615.0 

1644.8 

1674.6 

1720.6 
1752.4 

1784.0 

1814.8 

1847.6 

1879.2 

1911.0 
19^.8 

1974.6 


L Section 


UNSUP}*! 


1107 2 ] 
1134 2 J 
1162 0 ] 

1189.2 ] 
1207 0 1 

1244.2 1 
1*271.4 1 

1299.4 1 
1326 6 1 
1354 0 1 
1386 6 ) 
1416 0 1 
1445 2 1 
1474 6 1 
1504 4 J 
1533 8 I 

1563.0 1 

1592.4 1 

1621.8 i: 

1651.2 ^ 

1698.0 II 

1729.4 H 
1760.6 

1792.0 

1823.4 

1864.8 I ti 

1886.2 ; I) 

1917.8 : i 
1940 2 J 


t (H14l ^ 













tABtE VII (ConUntMd) 

FonoMd* P^l 6 j 000 — 70 ~ 

vtrw in poanda per wl^iwce inoh 
B radios of gyration in inches 
^length in inches 

of heavy line values of — do not exceed 120 



9S3.8 
1008 2 

1033.0 

1058.2 

1083.8 

1108.4 

1133.0 
1158 8 



1507.2 

1626.0 

1655.0 

1683.8 

1712.8 

1741.8 

1770.8 



997.0 
1020 8 
*1045.6 
1069 6 

1093.6 

1118.6 

1142.6 
11668 

1205.6 
1231 6 
1257 4 

1283.4 
1310 6 
1336 6 
1362 8 

1389.0 

1415.0 

1441.4 

1494.2 

1522.4 
1550 4 

1578.6 

1606.8 

1635.0 

1663.4 

1691.6 j 

1730.0 


983 4 
1007 0 
1030 8 

1054.0 
1078 4 
1101.8 
1125 2 

116.5.4 

1190.0 

1215.8 

1241.0 

1267.4 

1292.8 

1318.2 

1343.8 

1369.2 

1394.8 
1449 0 

1476.4 

1503.8 

1531.2 

1558.6 

1586.2 

1613.8 

1641.4 

1669.0 


1020 0 

1042.0 
1084 8 

1108,6 
1132 2 
1156 2 

1181.4 
1205 4 
1229 2 

1263.2 

1277.2 
1301 4 

1358.4 

1384.4 
1410 4 
1436 4 

1462.4 

1485.6 

1514.6 

1540.8 

1567.0 


1117.8 
1140 2 
1162 8 

1186.4 

1208.2 
1267 8 
1292 4 

1316.8 

1341.4 

1.366.2 

1300.8 

1415.6 

1440.4 
1465 2 



28 32 36 40 


772.2 

792.2 

813.6 
833 8 
855 4 
875 6 
89(>0 

917.8 
9;i8 2 

058.8 
1004 4 
1026 6 

1048.8 I 
1071 2 


1030 2 
1051 2 
1072.4 
1093j5 
1115.0 
1177 2 
1200 4 
1223 4 
1246.6 
1269 8 


1086.8 
1108 4 
1130.0 
1151 8 
1173.6 

1195.4 

1217.4 

1239.4 

1261.4 
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TABLE Vll (Continued) 

Safe Loads on Bethlehem Coltumns 
14* H-Section 

Safe leads are given in ThouBanda of Pounds 
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TABLE VII (Continued) 

Safe Load* on Bethlehem Columns] 

10' H-Sectlon 

Safr loads are given in Thousands of Pound* 



■P 

ti 

L 

1- — 4 


Section 

Number 

Weight 

Se^Too 

Lb 

per Ft 

Dimoneione, lorhei 



Area of 
Section 
tkiuare 
Inches 

Least 
Radius 
of Q)rr 
Inobes 

UNSUPPORTED LENGTH 

D 

T 

B 

10 

f 

11 

12 

13 

14 


49,0 

m 

A 

9 97 

14 37 

2.49 

181.4 

176.0 

171.8 

167.0 

162.0 











1 



54.0 

10 

f’8 

10.00 

15.91 

2 51 

201.4 

196.0 

190.6 

185.4 

180.0 


59.5 

lOH 


10 04 

17,57 

2 53 

222.8 

217 0 

211.2 

205.2 

199.4 


05.5 

lOJi 

’4 

10 08 

19 23 

254 

244.0 

237 8 

231.4 

225.0 

218.6 


710 

10?^ 

u 

1012 

2091 

2,56 

2660 

2590 

252.2 

245.4 

238.6 


77 0 

lOK 

?8 

10 u. 

‘22 59 

2 57 

287 6 

280.2 

272.8 

265.4 

258.0 


j 82 5 

lOiH 

!i 

10 20 

24 29 

2:)8 

309 6 

3016 

293 8 

285 8 

278.0 


88.5 

10^4 

1 

10 24 

25 99 

2 60 

331,8 

323.4 

315.0 

306 6 

298.2 

HIO • 

940 

lOJi 

ii^ 

10 28 

•27 71 

2 61 

354.2 

346 2 

336.4 

327.4 

318.6 


09.5 

u 

Hi 

10.31 

29.32 

2 62 

375.2 

365.8 

356.4 

347.0 

337.6 


’ 106.6 

11'^ 

lA 

10 35 

31.06 

2.64 

398.2 

388 2 

378.4 

368.4 

mo 


! 1115 

nii 


10 39 

32.80 

265 

420.8 

410.4 

400.0 

389.6 

379.2 


117.5 

* 

iiH 

lA 

10 43 

34 66 

266 

4436 

432.8 

421.8 

411.0 

400.0 


193.5 

iiH 

iH 

\ 

10 47 

1 

1 

eo.32 

2 67 

466.8 

1 455.4 

444.0. 

432.6 

4jll2 

. 1 i'^ r ■ 

> 


1 

1 

- ^ 

1 

1 

1 

1 

i 


I 

1 


1 


■ ,< 

, 

« 







f 


i 

- 
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1 
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TABLE Vi If (Con 

Formula P » 16,000 

tresa in pounds per sqi 
t in inched 

m inches 

CIS values gf - do not e 

T 

line values of — do not 
r 
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. , . t 

ing lattice bars, p. ;}65. 
to. At the ends of lac^ ooh 
plates should have a length no 
I'ie plates must also used 
and when the lacing must hie ob 
Conneciiorut, C^onnectiona 
and illustrated under the disc 
meyiods there given will enable 
connections requirt*d. 

Br(U‘kets. Brackets projec 
the face of columns are used^o 
If the bracket is constructed'Adl 
flanges, it may be designed as a; 



Fig 148 


be made up of a tie and a str 
this case the stresses are deter 
ics'\ To illustrate, use the 
diagram. Fig. 148-b. For 
bracket, the stress in the tie is| 
^rut is 25,200 pounds. The 
the methods given for tension j 
ixi^rtant to keep in mind 
eccentric loads on the coluz 
lUsbotdingly. 

Bue& As the allowal^ ^ 
of iim ocAumn is veixjlimdi W 



mcnON 2lW 

read load over the required 
fordlN>f base used, the bottoni 
find the top of the base must 
5 is used, it will be true enough , 
require milling to give a true 
e riveted to the bottom of the i 
g the C‘olumn to the base, Fig^,^ 
asbistanc^e in erection. ♦ 




I of column base is a flat platei»^f 
iron. Having the load on they 
isure on the masonry, t^e aim" 
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The size o| the top is « 
and its connection ahgle^^ In t 
The height must be assumed 



Fig li)2 Sort inik f<»r Cornpiitiiig StreBgth 

^’«w»“lrou iVfltrHtalM 


its resisting? inomerit R M it is 
axis and then compute its momei 
The c*<*nter of jjjravity is fo' 
, , T he area of tlie cross section is 
fora urea = 33 

for h area= 2 

^ for rf area= 2 

Takifig m<j«nents about tlie bott 
t for a moment = 

for h moment = 

for d moment 


The distiiiut' from the bottom o 


(\- 


549 

- *105 

The^iuoment of inertia about tb 

ffroi 

! ■( W 

\57. 


for o 





VMMi 

889 

«^^ia)30Q0 pouijtls per 

t^OQlS " ' 


1*9«G^ m.>lb. . 

iQitebt If , ^result^g from the pressure on the 
fiettona IS dAermihed by treating ^e plate as an 

^«fM.c(|psrer,-Fig. 162. 

Then. 



-2^,000 Ui..lb. 


eiEiiipiuse it assumes the^ column load applied 
iter of the top of the olate, whereas it occupies 


aret^: 


' the bending moment computed for the load is 2,700^000 
inct^>piatinds and. resisting moment is 1,940,000 inch-pounds, the 
trial aeptioB is* i|ot' sufficient. . The section can be increased in 


8tret9gCh by the height or by increasing the thicknegS of 

met^. llie mc^ dffisiitive places for additional metal are in the 
top jmd^ bottom -plates. . ^ 

tM$3at ■ 

'bKxeafle the bsiabt of the caat^^ron §ede«itftl to retaining all odier 
ComfHite the Tensting*uoine^. * 

smber ot kibs)^ The numhei^-ob ribs to be used can be as 
hiiiSli^ed by tlm^bases shown in m 161. Therefore, 12 ribs are 
aaBd*.' ltife»ihfe ■ case iUustr^id libo^p. The thickness of the rib 
Igm riuut*^ljpchjand dbout iV the dear height be 
and Also there must be enough 

KribsigMl faub^ifi^B^w the top plate to take the whde 
^^omds per 8i|uare in^. tin this case tho.^ar hei(d>t 

This thickness gives 




e ina. 

’T 


*ribs. 

A 


‘triddi iodicateB 
fiHLiibompressitHi. 

^K'l^pdestal. .iCisMros^^estals^,iimay be made round 
1 3- 80 dbmnd, 151. ’kbe hbuml pedesbd has 
in amnpaetnrfemd is e{q;>ei 3 Blly yiell suited f( 9 » 
benmng moni^ll.^a a round base is approxi* 





bj^ 0.10 (3 ^ diameter of 
^pedestal is cpmputed by 

I . 



1 Gniluffo Dwigned for Biuie of a Column of a 10>Stor:>' Btalding 


with cement, amcrcte, or grout. The wcl)s of the beams must be 
investigated for shearing strength and, if at all deficient, tig^t- 
fltting separators must l>e used. Separators should be used in any 
case to hold the beams in position. 

. ^ The flanges of I-beams are not always exactly at ri^t angfes 
to the webs, hence the beams may not furnish a fiat surface for 
Seating the columns; This makes it necessary to {dane enough 
the top of beams to provide a true surface for the bottom of tile 
column td rest upon. In order to be effective, this must be done 
After the beams ate assembled aitd ngidiy bdd tc^etber. 
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The load from the column must be properly distributed to the 
lieams forming the grillage, using a steel or cast-iron plate of proper 
thickness. It may be necessary in some cases to use a cast-iron 
gedestal on the steel grillage. Fig. 153 shows ii stejl grillage designed 
for the base of a column of a 15-story building. 

CAST-IRON COLUMNS 

Cast-iron columns formerly were used extensively for building 
work, even for firepnK)f buildings ten or more stories in height. 
Now they are used only for small buildings of non-fin‘proof con— 
striHtion. Tlie change hijpcome about through greater ^‘mand for 
safety and the reduction in cost of steel (‘oliimns. 

Characteristics. Advanfagejt. The advantages of cast-iron col- 
umns are; They offer greater resistaru^ to fire than unprotected 
steel columns. They generally c?an be more quickly obtained. 
They can be made of any desired shape and ornamented to suit 
the requirements of ar<‘hitectural design. They occupy a minimum 
of space in the buihling. ' 

Disadvantagrs. Cast-Iron columns have the following disad- 
vantages: For supporting a given load a east-iron (*olumn costs more 
than a steel column. The\ are subject to defects that are difficult 
to discover by usual methods of insiH'ction. 

Cast-iron columns are ma<le to order. As the brackets and 
flanges must l)e cast on the column shaft at tlie time it is made, it 
is not possible to have the column shafts in stock. 

Cast iron is subject to ransiderable variation in quality, depend- 
ing upon the materials used in the melt and the treatment in the 
furnace and in the molds. It ma> l)e soft and tough, or hard and 
brittle. It is made in small foundries,, as eompan^l with the rolling 
mi% which make structural .steel. Hence it is not possible to 
control the quality closely, as can be done with stet*l. 

Blow holes in castings are spaces which the iron does not fill, 
duetto bubbles of air or gas becoming entrapped in the mold. Sand 
pOcbets ulny be formed by the dropping of sand from the molds. 
In both of these eases theisurface of the casting may be perfect, and 
Ihe drfects thus diflicidt or impossible to find. 
ii ; BBost frequent fault with round columns is ecfcentrh^A;. 
todirplaoeideiit of tiie core. The core maysag m the " 
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to its weight, or it may float in the liquid iron. Hie result is shown 
in Fig. 154. It may occur at any place in the length of the oolunui. 

O At the ends the fault is easily detected, but at 
intermediate points it is necessaiy to -diill test 
holes as indicated in the figure. The test holra 
should be drilled in the top or in the bottom of 
the casting in reference to its position in the 
mold. An eccentricity of J inch causes appre- 
ciable loss of strength. A greater amount than 
roU.nm'^" ^his should cause rejection. 

Column Sections Unless there is some rea- 
son for using a special shape, cast-iron columns are made round. The 
size is designated by the external diameter and the thickness of metal. 
The sizes commonly made for stnictural purposes vary from 6 inches 
to 15 inches in diameter and from f inch to 2J inches in thickness. 

Siiecial sections sometimes used are shown in Fig. 1.55. The 
angles, U-shapes, and stjuare sections are used chiefly for store front 
work. They are generally made with the exposed surfaces paneled 
or otherw’ise ornamented. 

« 

H-shaix?d columns may he used for general purposes. They are 
not as economical as round columns, hence are not much used. In 
some respects they are better than round columns as connections 




Fir 155 Typical CMi-lmn Culuinn SccUons 



are easily made and aU surfaces are open to inspection, maMng R 
easier to find defects. ^ 

* Method of Design. The method of designing cast-iron ooluioos 
is similar to that rised in designing steel columns. The direct load 
and the concentric equivalent of eccentric loads, H mqt, are com- 
puted in the same manner. The allowable unit stress is computed 
•from a formula similar to that for steel oedumus. Tbe fonraia 
Ipven under Unit Stresses, p.- 51, is 

’ ' F«10, 000-60 r 
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Eeceniric Loading. The concentric equivalent f(« eccentric 
loads Is computed by the same formula as used for steri cotumas, 
vis: 

r 

For round oast-iron columns an approximate formula is 

T|v 53/ 

• ‘ d 

in which M is the ecceTitric moment in inch-pounds and d is the 
diameter of the column in inches. 

Fig, 156 shows two difecs of eccentric loading of a round column. 
For the load m, the ecwntricity is the distance from the center of 
the column to the center of the W’eb of the beam. For the load n, 





Fig 196. DuLgmnn Showing Ee<:«ntrie Londing on a Round Column 

die ecoentridty en is the distance from the center of the column to the 
cmter of bearing on the bracket, this center of bearing being taken at 
2 idcb^ from the face of the column, when standard brackets are used. ' 

' On page 177, it was pointed out that when two eccentric loads 
aci^bout the axis /-/ and 11-2, respectively, their results must be 
added together. This b true also of rectangular and round cast- 
iron colunms. But for round columns the maximum effect of two 
eucih loads is somewhat less than the sum of their separate effects. 
Tlie lesidtiHit varies with the rdative amounts of the eccentric 
maaetdoi hut the difference is not great and the sum of the separate 
eAeeta can be used without much oror. 

faeton Saqidni, If the oonoentric equivalent load is naed, 
^ oaiy prapoftiea at die section required aiea Ai radius of 
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gyration r ; and distance to extreme fil>er c. The values of tliese prop- 
erties can he (‘orni)uted for the rectanguhir sections the methods 
given. l"or round eoliiinns the area is computed fn>ni the formula 


the radius of g\ ration is conipute<l from the formula 

r = iVdf*+rf7 

the distance c i-. ] (L In the‘'e formulas tt U II 1410; d is outside 
diameter of column; and d, is inside diameter of column. The 
inside diam«*ter r(|uals the outside <lmm<*ter less twice the thickness 
of rn(‘tal. Thus a eohiinn S inclu*s in diameter and U inches thick- 
ness of metal has an inside diameter of o inches 

lUmirainr Kui)ttph‘ Assume a column with the hallowing 
dimensions and loads, and detcrnime thc^ thickness of metal requirt^l: 
Length of eoUimn 1 10" 

Concentric load from eolumn al)o\e J()0,0(X)^ 

Eccentric load 40,(KX)^~-cccentncit\ 7" 

Outside diameter of column (assumed) Kf 
Thou the ecceiilrie moment is 40,(KW)x7 = 2S(),fMK) in.-lh , which by 
the rule on p. 170, is reduced to |X2S(),(X)() = 21(),tKX) in.-lh. 

The conctmtric (‘(|ui\alent is 


ir'. 


53/ ^5X2iaO(K) 
(i “ 30 


105,000# 


The total loud for which the column must he designed is 
lioad from upjxT eolumn 160,000# 

Eeeentrie load 40,000 

Conamtric equivalent load 105,(KK) 

305,000# 

Xt is now neeessiiiy to assume a trial thickness of metal and eom;(Klte 
the strength. Asstune 2 inches. 

J =1 {iP-d^) = -^|-X(100-30) = 50.2<) SCI. »«• 

r =iN^-frf/=jVlO(r^ = 2.9 

P =10,000-60 -* 10, 000-GOX~*7160# per sq. in. 

^ r 2-9 

Total capadty^fioOxSO 26 = 356,800# 



TABLE IX . 

SAFE LOADS FOR ROUND CAST-IRON COLUMNS 
Thousand Pound Units 

/^10.000-60 

r 

Valuta to rinht nf tioavv hnp aro hovoud Imut ot lonffthf 70 r 



for ocrntrioil^ in with the fotluwiik^ formula: ti ^ 
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This amount is greater than required, so the thicJme aa jnay be reduced. 
It can be shown that the thickness required is If inches. 

PnOBUSM 

From the data given above, determine the thicknese required (or a ooliiiiui* 
12 inches in diameter. Note that eccentricity is 8 inches for *■*>«« diameter 

Tables. The published tables of strength of cast-iron columns 
vary greatly, due to the variety of formulas used. Columns other 
than round are used so little and when used are so likely to be 
special dimensions that tables of strength would be of little value. 
Table IX -gives the strength of round columns in accordance with 
the formula adopted. It also gives the value of r for use in comput- 
ing the concentric equivalent for eccentric loads. The Chicago 
Building Ordinance from which thb formula is taken limits t^ 



length of cast-iron columns to 70Xr. This limit is marked by the 
heavy aigseag line in the table. 

IllMrative Emm^e. Detennine the column required to stqr* 
port a load of 191,000 pounds, the length being 11 feet. 

Frpia Table IX either of the following sizes may be used: ^ . 

8'diam. Xl|' metal 
9*^diam, Xlf' metal 
lO'diam. XI "metal 


The-9-inch oolumn is the l^^^test and w® be used if au qpecMdjjpiaK 
aMeratkiiuidiaiteaiidieusi^OQei^tlmoAwr^^^ '* 


a 
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FMMiuni 

Tb» IcmkIs imd lengths of a atiaok of canUiron oohimnB ara glvon balow« 
Betmoiiiethe aoelioiis. 


4th story, 
3rd •• 
2nd “ 


column load» 

*( «« 

u •« 


iBt « 
Baaement " 


20,000# lencth 13 ft. 
70,000# length 12 ft. 
115,000# length 14 ft. 
155,000# length 16 ft. 
205,000# length Oft. 




^o' 


4ft- 





At! 990rn t0 3top* f 
AU luffs rqb^f thick 

The eho^e eonm&Oma hoyc eepocftiw cotrcai^enahff /# 
th99C of otmdardi connecthn an^fto 

The Utatoncw from fop of cotutrm to boom ooot moOf 
bo ovfffchot to eUow a doorenoo off Bofooom top of boom 
anO onOoroido of f/on^o or boit hood 
Diofonoo A >v/// trory ro fit position ofholom whfpt 
booms cro odoptod to mpltlplo punchy Ofhonoloo tho 
dtofoneo A ooin bo for ^ _ 

f S' Mooms df, tyMoomo ST Booms 31. 9"Boomo 3* 

zo- ^ If- H A: r. - 4\ 

10- e dt- I(r ^ ff r . 3f 

Holos shoo/d bop torpor tbod oorroSpon^oy Hoot 
Polos in boom. m 






m 
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Details of Construction. Splices. Splices in cast-iron column? 
arc made hy iiu'uns of flanges as sliown in Fig. 157. The load is 
transiiijtt(^(l from upjXT to lower column by bt'aring. The bearing 
surfaces must be milled exactly at right angles to the axis of the 
column. If the sections do not rnatcli, the metal must l)e thickened 
as slu»vvn at /// and n to provale the lM*aring. Some inamifncturers 
st't the flanges back from the ends of the column to reduc'e the area 



I'll? mo Doublr C'omMM*linns lo f'oliimni* 


of the milled surface. The flangt^ is made \\ide enough to take a 
row of fdiu'h Ix^lts. Four or more bolts are used. 

The splkv (‘an be made by means of a dowel plate. It is not so 
satisfactory as the flange splice. It is used when there is no space avail-- 
able for the flanges, and also for replacing broken flanges. Fig. 158. 

Bemn Cimnrctwns, Beam connections are made by means of 
brackets and lugs east on the column. The standard connections 
designed and ufiSeil by tlie Ajnerican Bridge Compai^ are given in 
Fig. 159. ^ The entire load is supported by the bracket. The 
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of the braeket slopes so that beam will not bt^ar on the end 
of the bracket when it deflei*ts. The lug serves to tie the coiistnio* 

tion together ami to hold the iH^atn 
upright. Bolts must be used for all 
eonneetions to east iron, as the casting 
\v(»uld Ih 5 broken by driving rivets, 
Wlien dmii)Ie la^ains are used, tlie 
<‘onneetioii is modified us shown in Fig. 
IbO. This figure also slums brackets 
for '>upporting wood beuins. Fig. KiF 



Kig nil Top 

uiiin for Supporting l-lirurnM 



shows the detail of the lop of a east-iron column which supports 
two stei‘1 Ih-uius. 

limeft, (’ast-iron base plates or cast iron pcnllltals are used 
for cast-iron columns. They are designeil in tin* manner describtKl 
for the ha^*s of .steel columns. If the ]>lale is used, a raised cross 
is casf oil the top to fit insulc the c(?lunm and liold it in place, Fig. 
Ifi2. If the pcslestal is used, the top of it is made to mutch the 
flange cast on the column. 


TENSION MEMBERS 

Deftnitfon and Theory. In building construction, it <loes not 
often cax'ur that loads must be supi>*)rtf’d by tension memjbers. 
(Secasional special features, such as balconies or stair landings, 
require this form of support. The mo.st frequent use* of it oi^cMirs 
ill trusses (whi<’h are not covered m this ivork). 

Axud Tnunm. A niemlier is subjected to axial tension when 
! load is a|l|^ied in line wdth the axis of the ineinlier in a way that 
I to atFet<^ car pull the memlier apart, Fig. Ifi3. 
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The strength of steel in axial tension varies direcdjr in jmportiim 
to the net cross-section area, not being affected by the length (except 
as to the weight of the member) or by the shape of the sectkm. 
Under Unit Stresses, the allowable value of P for axial tension is * 
given as 16,000 pounds per square inch; then the strength 
of a section is 

ir»Pri = 16 , 000 ^ 

The area used in this formula must be the net area, i. e., 
the smallest area at any section in the length of the 
member. 

In axial tension the stress is assumed to be distrib- 
uted over the entire area, as indicated in Fig. 163. This 
differs from the tension due to bending, which is not 
uniformly distributed but increases from nothing at the 
neutral axis to a maximum at the extreme fiber, as ex- 
plained on p. 78. 

Tetision Due to Eccentririty. As in the case of com- 
Ftg 103 Du- pression members, the load on a tension member may be 
fnlTrfnSoa ecceiitric, and thus produce both axial tension and ten- 
sion due to bending. The discussion of concentric and 
eccentric loads in compression applies to tension members. Fig. 164 
illustrates tlie stresses from an eccentric load in tension 
which corresponds to Fig. 140 in compression; abed 
represents the total axial tension aud a b the axial ten- 
sion per square inch due to the load IV'; bb' represents 
the tension on the extreme fiber due to the bending 
moment W'e. Tl^en the total extreme fiber stress due 
to the load W' is a V. The concentric equivalent of 
an eccentric load, as for compression, is expressed by 
theform^a 


ee 


We 


-4 




If the member is not symmetrical, the value c to be,^ 1,4 
used ia from the neutral «xis to the extreme fiber on the 
aide toward the ecoentrk load. . *" tm4«» 

Ecoentiidty in tensioa pmnbers usually results from the foim 
> the tnd in moA cases it cau he «voBed 
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attention ti> the details. It generally will be more economical thus 
to avoid the ecoentridty than to provide the additional section 
necessary to resist it. In altogether too many rases this is neglected. 
.The importance of the effect of eccentricity is illustrated by the 
following computations. 

Assume a load of 100,000 pounds concentric, then the net area 

100,000 

required b ■ or 6 . 25 square inch. Xow assume the same load 

with an eccentricity of 1 inch, a value of c equal to 2\ inches and r 
equal to 1.9 inches. The concentric equivalent is 


" ' OxTg — 


The total loail is 100,(KK)+70,(X)0 or 170, (XX) pounds, and the area 
1 70 (XIO 

required is y— - or 10.6 square inches. In this case it requires 

J Oi* Hi\* 



Fig. 105. T>i)es of ConaecUoiM fur Auglea 



an increase of 70 per cent in the seetici^i to provide fur the eccentricity 
fig." 165-a shows a single angle connected by one leg. It is 
eccentric about both axes. Fig. 165-b shows a pair of angles each 
connected by one leg. This is eccentric about the axis 1-7. Fig. 
165-c shows two views of the same pair of angles m, with a pair of 
connectioa angles n added, which eliminates the ec^ccntricity. 

Sections. Almost any form of steel can be use^l as a tension 
member. The dioice of the section is governed largely by the 
eonnectiefis that are to be made^'to it. Of the structural sluq)e$, 
anglest plates, and channels are best adapted for tension membm 
in otdinaiy building wori^ 

Round rods sm used for tie^rods, balcony bangers, temporary 
, aod odier 8iiii0ar purposes 
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Eyebars are seldom used in building work, being more especially 
adapted to bridge trusses! They may be used where heavy loads 
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area of oross section. The number of rivet holes to be deducted in 
any case depends upon their arrangement as ex 7 >lained on p. 69* 
The siase of the hole deducted is J inch greater than tlie nominal 
diameter of the rivet. This allowauc*e is an arbitrary one to cover 
the actual size of the hole, which is about ^ inch larger than the 
rivet, and to compensate for injury to the metal around the hole 
due to punching. Care must be taken to arrange the rivet holes 
so as to retain the greatest j^ossible area at the critical section. 

Round rods can be figured full size if the ends arc upset, other- 
wise the net area must be taken at the root of the thrt^ad. When 
upset ends are used, they are made large enough so that there is an 
ex<*ess of strength in the threads, making the whole section of the 
nni available* Generally the threads on ro<ls are rut, but they can 
1)0 made by cold rolling. The latter method makes the diameter at 
the nx)t of the thread somewhat less than the diameter of the lx>dy 
of the rod, but the treatment seems to make the steel stronger. 
Tests show that the rolled thread is stronger than the rod on which 
it is rolled, thus making the whole section of the rod available# 

Eyebar heads are always made of sufficient size to develop the 
strength of the bar, so that the ’v^hole section is available. 

Details of Connections. Itiurfed Comirrtiom. Riveted con- 
nections are requirt'd when structural shai>cs or plates are used. 
Angles, plates, and channels arc most conurionly used. The top 
connection usually is made with a gusset plate depending from a 
beam or girder. Fig. 106 illustrates a number of such connections. 
The gusset plate may be splic'ed into the web of a plate girder; set 
in between two channels; may be an%xtenbion of the gusset at the 
joint of a truss; or may be connec-ted by angles rivett'd to the flange 
of an I-beam. (See p. 64). The requirements for the top connec- 
tion are that the gusset plate shall be of sufficient thickness to give 
the required bearing for the rivets; and that tlie rivets connecting 
the plate to the beam or girder, also those cx)nncctirig the hanger 
to the gusset, be sufficient in number and Ih' plact'd symmetrically 
about the axis of the tensile stress. 

It has been noted that angl^ in tension must be connected by 
bdth 1^ to avoid eccentricity. This sort of connection is desirable 
for the further purpose of distributing the stress over the entire 
Mgpkm of the Ifanger as evenly as possible. Angles in pairs are 
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much preferred to single angles. They should be stitched together 
with rivets and ring fillers spaced about 2 feet apart. 

Fig. 167. Turnburklf Rod Bl«eve Nut 

The oonneetioiKs at the bottom of the hanger may be made 
with gus.set plates in the same manner as at the top, or the connect- 
ing members may be attached direct to the hanger. 



I CLCif'tS LOOP 

I< ig lOS Tt'pcfl of F.ml Connectiona for Roda 


Wlien it is necessary tn splice a tension member, it is evident 
that the splice iinist transmit the entire stress in the member. The 

principles involved andanethods 
to be used are fully explained 
under Strength of Riveted Joints, 
p. 67, and have been used in 
designing the splices in {date 
girders. ^ 

Detaiit of Bod$, Rodi ore 
spectally suited for adjus^dite 
members. With certain fomiB lOt 



nriw. DMiibof BadCDUM(ion<«%«iiiM ominecfioQS, the aiQusUBniR ip) 
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be made at the ends; with spikes, the adjustment can be made at 
thesplice. Arod is spliced by means of a turnbuckle, or sleeve nut, 
Fig. 167. Ilie ends are threaded right and left to make the memlier 
adjustabk. The threaded ends are upset to maintain the full 
atrength of the section. The various forms of end connections are 
shown in Kg. 168. They need no explanation. 

Details of Eyebars. Eyelwrs must lie connected at the ends 
with pins. Fig. 169. Refer to “Structural Drafting” for details of 
eyebars. 


WIND BRACING 
GENERAL CONDITIONS 

Horizontal Pressures. In the pn'ctding diseussion, the loads 
considered have been gravity loads, i. e., loads acting vertically. 
In addition to these gravity loads, all structures are subjected to 
wind loads, or pressures, which are assumed to ac‘t horizontally. 
Probably no locality is entirely free from wind storms, so it is always 
neces.sary to provide for w’ind pressures in designing the framework 
of buildings. 

It is assumed that wind pressure acts horizontally and bears 
uniformly over the entire windward surface of the building, and that 
it may occur in any direction. These assumptions arc not strictly 
correct. The wind may be inclined, due to the contour of the 
ground or to obstructions. It is known that the pressure near the 
top of a building is greater than near the ground ; that the pressure 
b not uniform over large areas; that the rush of air around the 
comers produces greater pressure near the corners; and that there 
bA suction on the leew'ard side as well as a pressure on the windward 
side. ■ The wind may strike the building at any angle, but the maxi- 
mum effect b produced when it strikes squarely against the side 
(or end) of the building. While the above variations are known to 
be true^ it b impoasime to provide for them in detail, hence the 
aaoumpiioa stated above b followed and leads to satbfactoiy 
lesidta. * 

UaU Presswe, Many experiments have been mode to estab- 
fish the lotion betwem wind velocity and v^ii|%|preBsure. While 
A large amomit of data has been dewriopi£i!^:^m mathwnadiad 
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rdatiuiKs are not fully established. Furthermore, it is not certain 
what maximum velocity should }ye provide<l for. Hence it is the 
general practice to use an assumed pressure in pounds per square 
foot of the surface. The amount asMimed varies. In some cities 
the building ordinances s]Kiclfy the amount to be used; some specify* 
20 pounds piT square foot; others, 30 pwjunds. The writer recom- 
mends that the framework of all buildings be designed to resist a 
wind pressure of 20 pounds per square foot on the surface of the 
lujilding. It can reasonably be assumed that the partitions and 
walls will add enough to the strength so that the completed struc- 
ture will resist a pn‘ssure of 30 pounds jn^r scpiare foot. Walls 
sliould not be counted as resisting any part of the 20 pounds, unless 
practically solid, j. c , w ithout o|M'nings. The alwx e recommenda- 
tions should be followed v>ifh some discretion: increasing the amouTit 
carried by the framework in \ery higli buildings, and in buildings 
which have few ])artitions or a wry large pt^rcentage of openings in 
the walls; decreasing the amount in lo\v Imildings, and in buildings 
which ha\e masonry cross walls. In buildings having outside 
iK'aring walls of masonry and a n^asonable amount of cross w^alls, 
or partitions, tl)cst‘ parts may be relied upon to resist the entire 
wiiid pressure, provuled the height of the building is not more than 
twice its width. 

Tlu‘ maximum wind pressure occurs only at long intervals. 
It is, therefore, allowable to use higher unit stresses for wind stresses 
than for gravit\ strc‘ssi\s. Under Unit Stresses it is provided that 
for stresst's pnwluced by wind forces alone, or combined w'ith those 
from li^e and dtwl loads, the units may be increasetl fifty per cent 
over those gi\eii for live loa<l and dead load stresses; but the section 
shall not be less than nx^uired, if wind forc*es be neglected. Gen- 
erally, the inemliers required to support the gravity loads are utilized 
for the^wdnd loa<is. In such cases no additional area is required on 
account of the wind stress unless this stress exceeds fifty per Cent 
of the gravity load stress. 

Paftfis of Stress. TrammUsian of Ijoad to Foufidaiionr. The 
total wind pressure on the building in the direction under considerar- 
tion is the assumed unit pressure per square foot multiplied by the 
larojected area* exposed to the pressure. This ju^essure #iust 
mately be resisted by tlft^ foundations of the building. Henoe^iP 
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there must be paths for transmitting the pressure to the founda- 
tions from tlie area to which it is applied. The pressure is applied 
directly to the masonry walls and windows. These are strong 
plough as ordinarily built to carry the load to the floors. The floor 
construction, whether of tile arches, concrete, or even wood con- 
struction, acting as a horizontal girder, transmits the load to the 
points selected for applying it to the stcnd framework. Thence the 
steel framework carries the l(»ad to the foundation. 

Routing the Strees. The de- , 
signer has some choice as to the 
steel members w hich he will utilize 
for carrying the wind load. So 
far as the sti^el is concerned the ^ 
shortest path is the best, but other 
considerations may require the 
use of less dirt'ct course'^, most 
commonly through the spandrel 
beams around the outside of the 
building. Thus in Fig. 170 is ^ 
shown a plan of the columns of n 
building, w'ith the typical floor 
framing. Tlie heuN ier lines repre- 
sent girders and the lighter lines. 
joists. 

Considering first the wind 
from either the East or the West, 
the direction of the load is par- 
allel to the narrow way of the 
building and in the same direc- 
tion as the floor girders. This 
situation indicates that the wind 
load should be carried down 

dong each E.-W. row of columns, viz, 1-4. 5-8, 9-12, etc. Then each 
line of (H^urnns and its girders will have to support the wmd pressure 
on one panel of the face of the building from top to bottom. It is 
probable that these columns and girders as designed for the gravity 
stresses will carry the wind stresses. Hliis of course is governed 
by the lieight tiff the building.) Now if it were decided to carry the 
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entire loarl to the two ends and cany it through the ooimnna and 
girders 1-4 and 25-28, the intensity of the stresses would be three 
times as great and probably would require extra ilietal in these 
meml)ers. Therefore, so far as economy of steel is concerned, 
the wind load should be carried down each row of columns. 
But it may happen that, in order to do this, deep brackets are 
requirc^^d in the lower stories for connecting girders to columns, 
brackets of greater size than is permitted by the architectural 
requirements; then it becomes necessary to cany*' the load to the 
ends, where the spandrel beams and their connections can be 
made os large as need be. A combination of the two arrangements 
may be made, the load above a certain floor being carried down 
on each row of columns, and that Inflow being carried down the 
end 

Next considering the wind from the North or the South, its 
direction is parallel to the joists. It is probable that these joists 
are nut strong enough to take the wind stresses without adding 
metal to that required for the gravity stresses. The wind pressure 
can easily lx* carried to the two sides of the building along the lines 
1-25 and 4-2K, where the nec'essary strength in the spandrel girders 
can readily be obtained. 

The foregoing illii.stration is comparatively simple; most cases 
are not so easy to settle. In general terms, the designer should take 
s31 possible advantage of interior framing, carrying through the 
spandrels only that portion of the wdnd load which cannot be taken 
by tlie interior framing. 

The bracing strength of the interior framing is limited by the 
strength of the connections to the columns and not by the strength 
of the girder and joist sections. The maximum bending moments 
occur^t these connections, and to develop the full strength of the 
beams would require larger brackets than the architectural treat- 
ment would permit. So generally it w'ill be that a large proportion 
of the wind load must go through the spandrel beams where the 
limitations as to depth of beams and size of bradmts are not so 
restricted. , 

It h son^times possible to use diagonal members for bradng^, 
Hiey make the most direeSNuid indent form of Inncing, and ribooUi 
be t|9ec|,when the oonditions permit. 
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A horizontal load can be transmitted vertically by means of 
frameworic by two systems: (1) by triangular framework, (Ig. 171, 




having axial stresses; and (2) by rectangular framework, Fig. 172, 
having bending sti^eSses. 

Triangular Framework. Single Paneh. Fig. 17.'1 shows a 
single panel of triangular framing supporting the hori'/,ontal fortie W, 
The reactions at the foundations are K, V', and J ’. 


r 


R- W 



By inspection it is to be seen 
that the stress in a equals W; in 
0 equals V. The stresses in 6 
aD4 e can be determined from 
that in a by resolution of forces 
(See Concurrent Forces in 
“StMics’*), as indicated in the figure. These stresses are alt axial; 
a and e in compression; b in tension. 

'When the values of H, L, and W are known, the numerical 
valuehfDra, h, e, and V can be determiimd. 

Two or More Horizontal Paneh. Two or more adjacent panela 
can be need, as shown in Fi#. 174. It is first necessary to divide 
IhR leqd.bebeeen the two pends. It is umplest to divide the load 
to HM p eietive -of whether the panels we equal in length. 
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Oil this basis the stress in a equals W, and in d equals ^W. By 
resolution, the stresses in b and c, and in e and / can be determined. 


Kj equals the stress in c, F, 
equals the stress in /, and is 
the difference in stresses c and f. 
If in this case L, equals then 
the stress in b equals stress in e; 
the stress in c equals the stress 
in /; F, equals F,; and F, 
equals 0. 


ftV A 




tju 17 K DiuKraiit of 'Iwii llonxontui Panda 
t>f 'rnunif ulur f rumins 


Problem 

As8urm‘ four panda siinilur to tLoae 
shown in Kig. 174. Let // equal 10 feet.; 
L,, Lj, L„ iinU L, equal 20 feet , and H' 
(■qual 36,000 pounds. CumputethextressMi 
in the diagonals. 

Two or More Vertical Panch. 
Two or more panels may lie plait'd 
one al)ove the other as in Fig. 175. 
In this case = + TF,+ Jf',. 

The value of F, = F, is determined 
by taking moments about 0 from 
which 

F = I (I Ii+II,) , 

* L ~ L *" 

iF/N.-f,y,4-iy.) 

L * 

The stresses in the members a to 
h inclusive can be determined by 
the methods given in "Statics”, 
when*the values of fi\, W\, Wp 
1I„ //,, and L are known and 

of ifj and F, are computed. 
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PBOBLfiM 

In 1%. 175 oBtiruiiK) 10,000 )>uuuiit»; oquala 10,000 poundK; 

Wy cquab 12,000 poundu; fl i equab IB fcM*t ; f/, nquuJa 13 feet; //, equals 13 feel ; 
L equals 10 feet. Determine the Htresses in a to A: inelusive. 

^ Exim^ion of Triangular Frameuwk. Similarly, tlie triangular 
framework can be extended indefinitely in both directions, as in 
Fig. 170. For convenience in solving this case the figure can be 
separated into horizontal tiers, or stories, and each (‘oinputetl. In 
doing this, the anti-reactions of one tier must lie applied as loads 



/ V 7 

Pis. 170. Diasr«ni of Tnaosular P'ramins Extrndins 0\(.*r a Huildlng 
* 

in the next lower tier. The horizontal load to l»e re»iBt<!d at any 
tier is the sum of all the horizontal loads above that tier; 
thus the horizontal load or shear at the top of the first story is 

PaOBUH 

Aanme loads sad dimeodona for Fig. 176 and eompate the stresses in 
the tfiagoBid Bwniben. 


SB7 
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In Figs. 173 to .176 induaive the diagonals ate diown in one 
direction only. As the wind may come from either direction, both 



diagonals will be used in all cases. In certain panels, dreumstan- 
ces may prevent the use of any diagoiud bracing. Fig. 176, in 



Fig. 170. DUgntm of Itootongwlm* Fmne Sbowaag Pomta of Cootiofesiiio 

ehich eas(fc the stresses must be distributed among the otba panda. 

Ractaagalar Fkvnwwork. Siitfle Pond. A panel ef 

rectangular Iraming is iSo^bat^ in F|g. 177. The {our aqnm 
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are repreaented as being hinged, so when the load tr is applied (he 
frame wiH collapse, as indicated by the dotted lines. It has no 
strength to resist the horizontal force. 

* Next oonidder the rectangular frame as shown in Fig. 178. 
The corners we rigidly connected. When the load W is applied^ 
the frame tends to take the shape indicated by the dotted lines. In 
doing so, each of the members must bend into reverse curves. Thus 
the frame offers great resistance to the horizontal forc'c. 

When a member is lient into reverse curves, the point of reversal 
is called the “point of contraflexure”. There is no bending stress 
in the member at this point and hinged joints might be intrcxluced 
at such points without affecting the stability of the frame so far as 
the horizontal load is concernfHl. This is indic^ated in Fig. 179. 
The i>oint of contraflexure is taken at the middle of the length of 
each member. This is not exactly correct, but is accurate enough 
for designing, in all ordinary cases. 

In order to more easily understand the stresses in the frame> 
consider the points of contraflexure e, /, and g as hinged joints. 
They divide the frame into four parts which can be considered 
separately in determining the stres.sc*s. Take first e nf, and assume 
the horizontal reactions at e and / to be equal, hence each is \W. 
Tlie vertical reactions at e and / must form a couple wliich will 
balance the moment of the horizcmtul loads, hence, taking moments 
about e. 


from which 


Vx\L^Wx\U 

r iH'v 


Tlie bending moment at a in the vertical member, is O^X}// 
or horizontal merol>er is VxhL which equals 

iW-jXiLorlWII. 

Neset <xni»der the {>art e e, which is subjected to the loads 
and V applied at e. Tbe reactions at c are the same in amount but 
Of^^osite in direction. To maintain equilibrium, must be a 
^ndiqiie to iMattrafize the moment of the horizontal force at e ribout 
ilslie afotm och^ Is famished by the foundation whkli is 
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assumed to l>e ample to resist the 
which is 



bending moment in the post at c. 

In like manner the landing 
moments at b and d can be 
shown to be } if’ //. Note that 
the numerical value of the bend- 
ing moment is the same at the 
four corners of. the frame. The 
moment diagram is given in Pig. 
ISO. 

In addition to the bending 
'^tre^^scs in the members, th(Te 
are axial stresses, as indicated 
by the forces and reactions illus- 
trated : 


in a b 

] ir, compression 

in b d 

f j n ~ , ctnnpression 

/ j 

in a 6* 

I ’ = J tension 

Jj 


PnOHblflM 

llt’fpr to Fig 179. AshUine W (H)iih1s 10, (HM) puun<lK, // rqiudfl fivt, 
L (*quulH 20 ft'ct Conq)ut<* tin* iixial in Ihe threi' iiM*tnl>erH of the frame. 

(\Hnpu1e the brntiinn nioinrnt at a Cf»iistrucl the moment <iiagram. 



Tiro llorisiontal Patffila. Next consider a framework of two 
panels, e., made of three etdumns and two girders, as in Fig. ISl, 


STEEL CONSTRUCTION 


24d 


i>ubj€'cted to a load It is necessary to assume the division of 
the horizontal reactions between the foundations i, and S. Sev- 
eral different methods are used in pnutioc. It is not of much 
importaiic*e which is used, if tlie stresses resulting from the assumed 
divisions are adequately provided for. In this text it is assumed 
that the reactions at the end columns are one-half of those at the 
intermediate cfdumns. Thus the reactions at 1^2, and S are i W, 
\ 1{\ and } W, respectively. By reasrining similar to that used for 
tlie single panel, the maximum bending moments are found to Ik*: 


at the base and top of columns 1 and 3, 
at the base and top of column 2, 
and in the girders to the right of a and 
and to the left of b aiul c, j 


iirxj 

JH xj //»iir// 

Jj 


In analyzing this case, the frame may l>e considered as made up of 
two separate panels, each of which carries one-half the load JV. 



Fig. 182 Momrnt Dingmui f(ir Frrtmn c>f Two llootaiiltuittr PaiU’In 


Then the l)ending moment at all maximum fKiints is IW //. But 
column 2 is common to lx>th, hence its total stresses are the algebraic 
sums of the stresses from the two panels. As the trending stresses 
are of the same sign, the bending stresses in column 2 are twice 
those in columns 1 and 3; on the other hand the axial stresses in 
column 2 are opposite in sign and tend to neutralize each other. 
The resuhaiit is zero if equals The moment diagram of this 
ease is given in Fig. 182. 

HofiwwUd Row qf Panels, The foregoing method now can be 
applied to a frame of any number of panels. The totid horizontal 
laad or shear tiTdivtded by the number of panels. Give one iK>rtion 
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to each of the intermediate columns and one>half portion to eodi 
of the outside columns. Thus in Fig. 183 there are five panda. 

W 







ffr 


Ijul 


iw 

iHL 

inu 


/ / J 4 J* « 


Fig 1M3 I>iafcranj Showinif Divioton of Hhear in n FrATr^n of Five Panals 

The shear is distributed thus: columns 1 and t>, and \ W at 

columns The bending moments in columns 1 and 6 are: 

W II\ in t*olumns 2, S, 4# and o, -- IF II; and in all girders, ^ WH. 

JO 



Problem 

Assume a frame of 7 tianels, supporting a wind load of 115,000 pouada. 
Let If equal 14 feet. Compute the maximum bending moments jmd ilie 
moment diagram. 

Two^Stary FrameUfbrk. Next assume the case illustrated iu 
Fig. 184. ' This shows the framework of a two-gtc^ buSdiiig. The 
pdnts'of cwftrsflexure at the points indicated Iqr tlw ^adc 
dots, ^e loads ai^died^aie IFj, irt ^ roof and IF, at fibe aecowd * 
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The fint^toiy frame serves as a foundation for the second- 
story frame. The horiztmtal shears which are transmitted through 

the points of contraflexure in the second-story columns arc - 
mid ^ H'a as indicated; those transmitted through tlie, points of 
contrafiexture in the first-story eoluiiins are and ^ 

O tj 

as shown. *^rhe vertical shears transmitted through 
points of contraflexure in the roof girders are IL^J^ and 

those transmitted through the second-floor girders arc^ 

y 1 ira//,+(ira+rfV/^ 

L 

(assuming panels of equal length). Then the bending moments are 


at a in roof girders 
at b in 2nd floor girder 
at c in columns 
at d in columns 
at e in columns 
at/ in columns 




-J2IM H,] 




An important relation to be noted is that at any joint the sum of 
the moments in the nltmbers equals zero, or the sum of the moments 
in the column equals the sum of the moment in the girders. Thus 
at column U 2nd floor 

At colmmi if 2nd ftmr 

l (r«+ir^ a,-2x^[WBHMW»+w;i //j-a 
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Extemion of System in Either Direction. Tha method can now 
he applied to a frame of any extent^ vertically ^nd horizontally. 
Fig. 185 shows such a frame sixjpanels in widths and six l^totioiand 
basement in height. TTie loads applied at the ievel^l floor levels 
are represented by \\\, \l\ .... Wr. The total shears in the 
several stories are represented by W IF/, HY TF/. 



The total shear in any story is the sum of all the loads applied at the 
floors al>ove, thus, * . 

nv “ Tf 

The totMl shear in any story is divided between the ecniltnns in that 
story A.accondance with the rule given. This is illustrated fb the 
figure by the values pvefi'lh the first^ story. , 


-.SSA 
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,, The heading momeistpi are illustrated at the third floor in the 
flgc^ and the memenis diagimns at the fifth floor. 

^"The procedure can now be reduced to simple rules and formulas. 
• The ^bending moment an hUermediafe column in any story 
equals ike total shear in that story multiplied by the story height^ and 
the product divided by twa times the number of ftanvls. This is 
expressed by the formula 

/ ’ * M- 


W^U 

2n 


The bending rm/n^nt in an outside column is oue^half that in an 
inter rued idte column, or, 


4n 


The bending tnoment in a girder is the mean between the bending 
monietUs in ths^cSoinn above and below the girder. It is expressed by 
the formula ' ^ 


A/ ** 2 ^ .2n 2n / + 6 tii,) 


The 


No^* a and b refer to fwo adjacent (utoneH, an the third and fourth* 
panel len^ does not affect the value of the' Ix'iidinj; nioinent 

lUusU'otiw Examjtk, C'onipute the Inniding moments at the 
first floor in the frame kl'P'ig. 185. Assume that the loads applied 
above th^. first- story sum a total of (Hi.OOO ')ounds equal W'/, those 
above tlie basement story a total of 75, (KK) pounds equal WV- 
Let J/a'equal 10 feet, and //, e<iual IG feet. Then the bending 
moment is: 

in an intermediate basement column * 


75,000X10 


2XG 


- ==02,500 ft.-lb. 


ia%he intermediate fltst-stury euluinns 

♦ 


166,000X16 


2X0 


=88,000 ft.-lb. 


in first-floor girders 


,1 « 

f - ^ 

Axial Siresm. The anal stresses may*be disregarded in most 
a^ usoaiiy small in proportion to the sections Otherwise 
he ini^mbmL Tim girders may be considered ns being 
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relieved from this stress by £he floor construction. If there |ie no flooi 
(joiistruetion along the girders, the axial stress shoirid be considered. 
In the intermediate columns the axial stress is zero if the panel 



Fig. thograxn (il^a>v«rturamg SirciMeii in n BuUdmg FnMne 


length are In the outside columns the axial stress oooHis« 

hut ^re the bendhig moment is only one-half that in the intermedi- 
ate o^umus, so the axial stress is usually not important; 
in tall,.naiTO^ buildings it may be impmtant and should be 
puted. When required, ii<«an be computed tbus: In 186 
artowsjepresent Ibe wind pressure on tim fiaiaewodt'tbowm' 
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resultant of this pressure is acting b£ mkWieight o( the exposed 
part of the structure. The axial stress V in the basement section 
of the end column is found by taking moments about the point B, 
The stress in the first-story section is found by taking moments 
about the point /. 

Problems 

1. AsHign values to tho structure* illustratod jh Fig 186 and compute the 
axial stre*** in the HO(*an(l-«iory of the end columns. 

2 In Fig 1S5 assume tho following valu<*s: 


Hb 

= 10'-0’ 

w. 





- 8,<)00/|f 

W, 


Tr., n\, 

w,., 

»■« 

= 1(),00()# 


(a) Compute Wq, U*,', IF/ 

(b) Omipuli* the niaxumiin bending inotn«‘nl for an interior rulumn 
above and below each floor lino. 

(e) Compute the maximum bending nioim*nt in the ginlers at ea<?h flour 

(d) What is the bi’ndmg moment in the second-floor girder at a point 
1-9" to the right of column 4'^ 

(e) Construct the moment diagram! for e<4ninn r from basement fimir to 

roof. 

DESIGN OF WIND-BRACINO GIRDERS 

1 he preceding pages the method has been developed for 
determining the liending moments in i^ind-brating girders and 
culiimns. It has been shown that the maximum liending moment 
occuj^ at the intersection of the cohftnn ami the girder, and zero 
moment occurs at the center of the girder. Betwe<»n the.se points 
the moment varies uniformly, as slumn by the moment diagrams in 
Figs. 180, 182, and 185. By laying out the moment diagram to 
scale, the bending moment at any point may lie measured. 

End Connections for Riveted Girders. Heretofore in designing 
beams, end connections have been reqnirt‘d to resist only vertical 
shear, but in the case of wind-bracing girders it is fWent that the 
co|inection of the girders to the column Is chiefly to resist the bending 
moment. This connection requires careful designing to insure 
results. . 

I To ilhislratc the design, assume an example as follows: In 
1^;" 187 the distance center to crater of columns is 20 feet; the max- 
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imum bending mbment 400,000 foot-pounds or 4,800,000 indi- 
pounds; the depth of girder is 3 feet i inch back to back of angles. 
As stated on page 51, the unit stresses to be used are fifty per cent 
in excess of those allowed for gravity loads* 

. The girder connects to the web of the column.' As the end of 
the girder thus lacks only about an inch of reaching to the column 
center^ the maximum bending moment must be provided for, viz, 
4,800,000 inch-pounds. 

Rivets Connecting Girder to Column. The rivets through the 
end angles and column webs are field driven, J inch diameter, and 
on the tension side of the girder (above the neutral axis in this case) 
are in tension. As in a beam, the unit fiber stress varies from zero 
at the neutral axis to a maximum at the extreme fiber; so the unit 
stress in these ri\ ets varies from zero at the neutral axis to the max- 
imum allowable amount at the farthest rivet. 

Then, if the rivets are equally spaml, the average stress is 
one-half the maximum. The total resistance of the rivets is the 
average value of one rivet multiplied by the number of rivets in the 
tension (or compression) group represented by t (and c) ; the ce»t<T3 
of gravity of the groups are at the points t and c. The moment arm 
is the distance a between < and c, and the resisting moment is aXt 
(or c).* The number of ri\'ets required is determined by trial. The 
full value of a J-inch rivet, field driven, in tension is one and one- 
half times G(H)0 pounds or 9000 pounds, /cral trials lead to the 
use of 28 rivets on each side of the neutral axis. Tlie value of t is 

or 126, (XX) pounds. The moment arm a is 42 inches and 

the resisting moment of the joint is 1^6,000X42 or 5,292,(K)0 inch- 
pounds, which is al>out ten per cent in excess of the bending moment. 

Pboblem 

Design the above joint, using {-inch rivets spaced 2) inchen. 

Riveis Connecting End Angles to Gusset Plate. Now consider the 
rivets connecting the end angles to the gusset plate. The method 
is the same as that for the connections of tlie end angles to the 
column, except that the rivets are shop driven in. double shear. 

is not cnenot. for the nvets on tbo <*oinpreflSioD side do not sot, the compression beinc 
lesisiea by the diieci besrinc of the end of tbs girder against the oolun^ The error is on the 

.ieferide. 



258 


STEEL CONSTRUCTION 


The required results can easily be obtained by comparison with 
field-driven rivets. With one row of rivets there will be one-half 
as many (less one). One shop rivet in double shear is good for 
21,GfiO pounds. This is greater than the value of two rivets in ten- 
sion (18,(KK) pounds), hence the proposed arrangement is satis- 
factory. It gives greater strength than is required. 

The thickness of gusset plate required to develop the full 
shearing value of the rivets is inch. The thickness required for the 
actual stress is ft inch, which use, (See rivet tables in handbook.) 
Probi.1- m 

What UnrknoMs of niissfi plato is required for i-ini’h shop nvf*1s? 

Bending Stresses in Cimneciing Angles, No accurate determi- 
nation can be made of bciiding stresses in connecting angles, so 
thickness must be adopted arbitrarily. If the gage line of the 
rivets is not more than 2\ inches from the back of the angle, the 
thickness shouhl be S In many cases wide angles with large 

gage distance must be uscmI in order to match the gage lines in the 
column. A thickness of 1 inch seems to be safe for a gage distance 
of 4 inches. Intermediate values may l)e interpolated. 

Gvsset Plate. The slop)e of the gusset plate should be about 
45 degrees, but may vary to suit conditions, such as clearance 
from windows, etc. Stresses in the gusset plate may be imagined to 
act along the dotted lities shown in the figure. On the tension side 
of the girder the plate iS in tension, and on the compression side in 
compn'ssion. The thickness of plate rc^quired for rivet Ixiaring is 
sufficient to give the necessary strength on the tension side, but on 
the compression side stiffener angles may be required. These 
angles can be designed acamling to rules similar to those given for 
the stiffeners of plate girder webs, p. 148, They should be used 
w'hen the length of the diagonal edge of the plate is more than 
thirty times the thickness. The leg of the angle against the plate 
should be of suitable wddth for one row of rivets, say 3 inches, 3| 
inches, or 4 inches. The outstanding leg may vary from 3 to 6 
inches, A thickness of | inch ia suitable usually; it may be made 
more or less to be consistent wdth size and thickness of the main 
inemtM^s of girder. For/^e case illustrated use 2Ls 

Oirder Section. The critical section of the main girder is at 
the end of the ^sset plate^ j^i^ause there are no gravity loads)* The 
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(Htsset plate being wide, the bending moment at this pointy a$ 
determined from the moment diagram, is 300, (KX) f(H>t-pouuds, or 
3,600,000 inch-pounds. Pig, 187. 

It is usually economical to make the girder as deep as condi- 
tions will permit. In most castes it is limited by the windows above 
and l>eIow. For this case back to back of angles is assumed. 

The section is determined by the methods given for riveted 
girders, p. 141, using the increased unit stresses previously men- 
tioned. Note that the web is spliced at the point under consid- 
eration. 

The spa<ung of rivets that coniuH't the flange angles to the web 
plate is determined as in ri\eted girders, p. 140. As the bending 
moment varies uniformly from the c^enter to the end, the rivets are 
equally spactnl. This spac'ing may be continued for connecting 
the flange anglcii to the gusset plate. But there must be enough 
rivets through the gusset plate to transmit all of the stress which 
is in the flange angles at the edge of the 
gusset. Connecting angles may l>e needed 
to assist in connecting the flange angles 
to the gusset plate. 

Probugub 

1. Design the girder seetion, flange nvet^ 
ing, and web splice, Fig. 187. 

2. Make drawing at 1-inch scale showing 
Bide elevation, end elevation, and section of the 
girder. (Use the design wnt h J -inch rivets.) Show 
nvet spacing. 

Other Forms of End Connections. Fig. 188 shows a girder con- 
nection differing from the previous case in that the column is turned 
in the other direction. The connection is designed in just the same 
manner but the amount of the bending moment is somewhat less 
than the maximum because it is some distance away from the center 
of the column. The actual amount can be computed or scaled from 
the moment diagram. 

PaOBLEM 

Wiiat is the bending moment at the end of the girder shown in Fig. 188, 
the mement at the center of the column beiqg 400,000 foot-poundfl and the 
dfstanee, center to center of columns, 16 feet? 

In Fig. 189 the web of the girder connects directly to the flange 
a{ the column. Ihis form of connection is suitable for girders which 
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are deep in prt>p<jrtion to the landing moment which they must 
resist. The inethoil of designing the connection is the same as that 
evplained for Fig. 1S7, except that the rivets are in single shear in- 
stead of tension, and that the rivets are not evenly spaced, hence 
the average resistance may not be oiie-half the maximum. The 
value of each rivet can be measured from the diagram at m in the 










Fib lfi9 Dotailn of Counwtion of Oirdor Directly to the Face of the Column 

figure. Having the values of the several rivets, the center of gravity 
of each group, i. c., the positions of the resultants t and c, can be 
found in the usual way. 

Prohuem 

Compute the reiusting moment of the connection shown in Fig- 189. Use 
14nch nvets, and assign suitable spacing for them. Design the girder section 
corre^^nding to this resisting moment. 

When the form of. connection shown in Rg. 189 is not ade- 
quate, the gusset .plate can be used connecting directly to the flange 
of the column.^ It involves no princiides or methods different from 
those already explained. *'*' 


878 


STEEL CONSTRUCTION 


Ead ConnecticMis for I-Beaih Girders. I*beam connections for 
redsting bending are illustrated in Figs. 190f 191, and 192. 




Fig 191 . Cotiii»clion of t-lieiiin (o Hulo uf 
Culuion for Wind Brariug 




I'he detail In Pij?. 190 is 
similar to the eoiuu*ction shown 
in Fig. 189, It can develop 
only a small part of the cn)>?i- 
city of the beam. 

The detail in Fig. 191 also 
can develop only a part of the 
capacity of the b<^arn, but it is 
available for making use of the 
floor girders in the upjxT part 
of the building for resisting 
^wind stresses. The strength 
of this connection is limited 
by the bending resistance of 
the connecting angles or the 
strength of the rivets. 

Pnoblbm 

Compui© the bendina miiHt/- 
atice of the connection shown in 
Fig. 191. 

Bracket CormcctUm. The 
connection in Fig. 192 can be 
made to develop the entire net 
bending resistance of the beam 
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(deducting for rivet holes in the Ganges). The connection of the 
brackets to the column is designed in the same manner as described 
for the gusset plate connexion. The average value of the rivets is 
determined from the diagram as at m,Fig. 1S9. In the connection c^f 
the brackets to the beam, all the rivets are figured at the maximum 
value. Their resisting moment is their total shear value multiplied 
by the depth of the beam. 

PROIILBM 

a bracket connection that develop the net bt^nding resiatancMj 
of a 2V I SO//. 

COMBINED WIND AND GRAVITY STRESSES IN GIRDERS 


Tlie girders which arc usually used to resist wind stresses are 
also subjected to gravity stresses in su|>porting walls and fliwirs. 
It is necessary, therefore, to determine the combined effect liefore 
the member can be designed. 

Moment Diagram for a Restrained Beam. In the discussion of 
beams, it was considered that the ends rested freely on the supports. 


With these conditions the beam 
under a gravity load tends to 
deflect in the form of a simple 
curve and its moment diagram 
lies entirely" below the axis o-o, 
Fig. 193-a. If the beam is re- 
strained by rigid connections at 
the ends, as illustrated in Fig. 
192, it tends to deflect in the 
form of a compound curve and 
the moment diagram, Fig.l93-b, 
lies both above and below the 
axis. The part of the diagram 
above the axis represents nega- 
tive moment and the part below, 
positive moment. The total depth of the moment diagram is^W L 
(for a uniformly distributed load) in each case. 

Poiritivc and Negati^ MometUs. Tlie division of the nioment 
diagram of a restrained beam between positive and negative moments 
depends on a number of canditions. The conditions usually assumed 
as j^eal are that the beam is of constant cross seetton from end to 
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Moment DiuKramH (a) of Simple 
Beam. (1)) of Roftrained Beam 
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end and that the end ranneetions are absolutely rigid* T^en the 
bending moment at the ends is — W and at the middle is 


^24 


L. 


If the section of the beam at mid-span is less than at the ends, 
as is the case when the connections are made by deep gusset plates 
or brackets, the positive moment is less and the negative moment 
greater than the above valuCvS. The extreme case would be when a 
beam hod no bending resistance at the c*enter (as if hinged), in w^hioh 
case the two halves would act as cantilevers; there would be no 
positive moment and the negative moment would ecpial I W L 
(IV being the total loa^i on the span). 

The assumed ideal condition of absolute rigidity at the ends 
is not realized because the columns must deflect laterally under 
load. This lack of absolute rigidity tends to decrease the negative 
moment and to iucrt'ase the positive moment. The same effect is 
produc*ed if the connection is not sufficient to develop the strength 
of the beam sc‘Ction, as in the examples shown in Figs. 190 and 19L 
In the extreme case when the columns or the connections are ex- 
tremely weak in bending resistance, the negative moment approaches 
zero and the positive moment approaches J IF L. . 

It is not practicable to determine det.nitely the amount of 
negative and positive moments for a given case, so arbitrary values 
must be adopted. The designer generally should assume that the 


moments from the gravity loads are** — — \VL at the ends and 
WL at mid-span, and should design the end connections and 


the beam section accordingly. But a less value may be used at 
the ends and a corresponding greater value at the center if it is 
not possible to make end connections strong enough to resist the 
lai^r va|ue. 

Bendiaf Moments for Combined Loads. Now consider the 
bending moments resulting from the combined action of gravity 
sikl wind loads. In fig. 194, let a be the moment diagram tot a 
wind load^nd h the moment diagram for a gravity load. Then the 
total eSeet is rep r e s en ted by e, which is the moment diagram for 


47S 
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the combined loads. This moment diagram c is wnstructe^l by 
adding together the moments used in constructing the diagrams a 
and b. 

* End Connections Designed to Resist Wijid Loads. Diagram c, 
Fig. 194 shows a very large resultant negative l)ending moment at 
the left end of the diagram, and a very small resultant positive 
bending moment at the right end. If the respective end connec- 
tions be designed to resist these moments, i. e., the left end with a 
very heavy connection and the right end with a very light connection 
(in this case practically a hinged joint), then the distribution of 
stresses probably w^ould be as represented in diagram c. But, since 
the wdnd may act from either direction, the two end connections 
are made alike; the columns at the two ends are probably of about 
ecjual size and stiffness; then it is reasonable to assume that the 
deflections, and hence the resistance developed at the two ends, will 
be equal. 

For this condition it is evident that diagram c dex's not repre- 
sent the actual distribution of moments. To have a diagram wdiich 
will represent it, the curve must be shifted so that the negative 
moment at the left end equals the positive moment at the right end. 
This gives diagram d. The same diagniin results directly by com- 
bining diagram a of Fig. 193 with diagram a of Fig. 194. It will be 
noted that the bending moments at the ends equal the bending 
moments from the wind loads. Hence, the end connections in all 
cases are designed to resist the wind loaji moments. 

Maximum Bending Monumt. The bending moment at the 
center of the span equals the bending moment of the gravity load 
computed for an unrestrained beam. However, the maximum posi- 
tive bending is not at the center, but some distance to one side (to 
the right in this case) and its amount can be determined by con- 
structing the diagram d. The value thus determined governs the cross 
section qf the girder. 

As hiis been stated, the unit stresses allowed for the combined 
loads are 50 per cent larger than those for the gra\'ity load alone. The 
resulting section designed for the maximum positive bending moment 
from diagram d will always be larger than the section required by 
the negative moment of gravity load from diagram b and more than 
tjrioe the section required by the maximum positive bending moment 
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from diagram b, diagram h being the moment diagram for the gravity 
loads on a restrained iK-am, ^\hen the wind is not acting. Note, 
however, that the section required is loss than would he required 
for the gravity load on a simple (unrestrained) beam, diagram a. 
Fig. 193. 

I’UOULKMB 

1 In 194 iiKSUiiio value's Riv*‘n fur eliafrraiiKs a aihi h. Dutormine the 
maxunum positive and iiuKativo values for diii^rani d (’onstruct diagram d 
accural oly to wale 

2. UcsiRii a j^irdcr of the t>pc hIiowu in Fi^ 1H7 from the inonient dia- 
Krum d in Fij? FM 

EFFECI OF WIND STRESSES ON COLl'MNS 

Combined Direct and [tending Stresses. The betiding moment 
on the (olurnn due to wind loads pnalueeb the same sort of stres&es 
as reMilt from the bending moment due to eocentric* 
loadj^ or any olher cause producing flexure. The ex- 
treme fiber stress is computed from the formula 


Tins stress is adiled to the stresses resulting from the 
direct and eceentrie loads on the column to give the 
maximum fiber stress. 

"I'he combination of the direct and the l)ending 
stress is illustrated in Fig. 11)5. The stress from the 
direct load is represented by the rectangle abed and 
the unit stress by a 6. The .stress from bending is rep- 
resented by the triangles b Vo and c cVj, the extreme 
fiber stress being h V in compression and c V in tension. Then the 
inaxitpum fiber stress is on the compression side and is ab+hh\ 
'^Thus b V represents the increase in stress due to the wind load. 

aa is usually tlie case, b V amounts to less than half a b, the 
coluiup section required for the direct load need not be increased on 
accoimt of the wind st^ss, because of the increased units allowed 
for combined, stress. But if b V exceeds one-half of a 6, the combined 
stress will go\eTn the design using the increased unit stress. 

On the tension side the column, the wind stress will vefy 
nur^y he great enough to overcome the direct compressioii. Arid 


Fix m. Dia- 

e rwo of Con\- 
iiird anil Di- 
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if there should be a reversal of stress, there cannot Ikj tension enough 
to require any addition to the section. It frequently occurs that 
the wind bracing girder connects to the column in such a position 
\hat one side of the column must resist practically all the wind 
stress. Such a case is illustrated in Fig. 1S9. With these condi- 
tions only one-half the column section sliould Ih‘ used in computing 
the resulting extnune fiber stress. 

Design of Column for Combined Stresses. The procedure in 
designing the column section, when the combined wind and gravity 
loads govern, is the same as has been given for columns with eccen- 
tric loads, p. 174. The methcxl there given for computing the con- 
centric equivalent load also applies, as well as the formula 


As applied to wind load (refer 1o Fig. 1!)0) ]VJ is the equivalent 
conecutric load,i. e., the direct 
load that would produce tlie 
same unit stress; IF' is the hor- 
izontal shear which is assumed 
to be carried by the column 
under consideration and is as- 
sumed to Ih* applied at the 
point of contraflexure of the 
column (sec Fig. 1^5); e is the 
moment ann expressed in 
inches, henee W^e is the land- 
ing moment in inch-pounds at 
the section under considera- 
tion; c is the distance from 
the neutral axis of the column 
to the extreme fil)er on the 
compression side; r is the radius of gyration of the column in 
the direction under consideration. The critical section of the 
column is at the top of the bracket, as the bratiket has the effect 
of enlarging the column section, so the distaiuje e is measured to 
that point. 

^ To iUiistrate the use of the formula assume the following date: 



Fig UN) DoiiiilA of a Prolilom m Wind Rraicing 
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Direct or gravity load on column is 600,000 pounds; W' is 10,000 
pounds; e is 30 inches; c is 7 inches; and r is 3.5 inches. Then 


WV = = = 171,400# 


As this is less than half the gravity load it is neglected. 

Problkm 

In Fig. 190 are giv(‘n the esaential diinonsiona ami the loads on the columns 
in the first and second story of a building and the girders at the w^coiid floor. 

(a) Design tin* ooliiTnna and girders. 

(b) Write a coin])lete record of all etimput at ions. 

(e) Make a draining of the joint at J-inch scale. 
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PART IV 

^ PRACTICAL DESIGN 

SIXTEEN-STORY FIREPROOF HOTEL 

Having studied /the stresses and the design t)f individual steel 
members, attention will now Ik* given to the problems which arise in 
the design of the structural framework of a building. 

It is assumed that the student now understands hoW to com- 
pute stresses and how to design individual members of the frame- 
work; therefore, <letailed computations of these operations in 
most cases are not given. Nor are references given to the prectaling 
])arts of the work, except in a few cases, it being left to the student 
to seek these referenct's for himself if he needs them. This applies 
also to tlie tables and diagrams in this lK>ok and in the handbooks. 

Description of Building'*'. The building .selected for the purpose 
of illustrating the practical problems of design has bwn taken 
l>ecause it gives an unusually large number of sp<‘cial conditions. 
For this reason it cannot be considered a.s a typical ca.se. Its fram- 
ing differs from that most commonly seen in buildings bemuse 
.sted joists are not used. 

The building is designed to be usc'd a.s a hotel. It has sixteen 
stories and an attic above street level and a basement below' street 
levdf It dso has a sub-basement over part f>f the area to provide 
space for a power plant. The basement extends under the sidewalk 
on two aides lof the building. 

The building occupies the entire lot, except for a light court 
above the third-floor level. Fireproof construction is used through- 
out. The ficamework consists of structural steel columns and 
girders. The floor construction consists of reinforced concrete 
dabs and joists, with tUe fillers between the joists. In most of ^ 

Vpit DMlIwn Hotal, CtdaaaB, IHinciif t BtlabM and BaOa, ArdUhcti, 


m 



270 


STEEL CONSTRUCTION 


building the concrete slabs form the finished floor. Partitions in 
general are thrce-inch hollow tile, plastered on both sides. They 
are fixed in position (this has some Iwaring on the arrangement of 
girders). The foundations are cylindrical concrete piers extending 
to rock. The basement walls are of reinforml concrete. The walla* 
above grade are brick with terra cotta trimmings. 

Plates A to X give the complete structural framing plans, and 
a part of the architectural floor plans and elevations, which are 
sufficient for this problem; but additional architectural details 
wouhl be rt‘quircd for making the complete design. 
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STEEL CONSTRUCTION 
FIREPROOFING 


Choice of Concrete. The general subject of fireproofing is dis- 
cussed elsewhere in thi^ book. For tins building concrete is used for 
fireproofing the steel. It is sele<*ted because it protects the steel froir> 
corrosion, adds to the strength of the colulfins, and can be placed 
easily, in connection ^^ith the concrete used in the floor construction. 

Thickness Required. The fireproofing affects the steel design 
thrpngh the weight of the rrjateidal to be supported, and through 
the locations of steel inenibers in relation to the openings, as allow- 
ance must be made for the thickness of fireproofing. The thick- 


nesses re(iuir(‘d are* 

For exterior enl limns 4*^ 

For interior eoluinns IV' 

On the bottom anil sides of beams 2" 
On the outside of spandrels 4'' 

Beyond the edge of sh(‘lf angles 
and plat(‘s supporting outside 
brickwork 2" 


For the last t\\o items, the brick eo\ering is the fireproofing, but for 
the columns the brick einering is not counted as fireproofing. 

Effect on Position of Exterior Columns, Etc. The requirements 
for thickness of fireproofing control the position of exterior columns, 
spandrel beams, and lu arns around openings in floors. For example, 
iissiiming that the steel columns wWl be 14 inches scpiare, the smallest 
distance that can be used from face of building to center of columns 
is made up of 

One course of brick 4^ 

(\)nc*i\'te fireproofing 4*^ 

Onc-balf of column width 7" 

Totid LT 

I'his ^'ahie is adopted for the columns along the alley and court 
walls, hut along the street fronts a greater distance must be had to 
suit the architec’tiiral dc*signs, 1 foot 10 inches being used. The 
columns should be placed as close to the outside of the building as 
ix>ssible, to keep the eccentricity smiUl and also to make the pro- 
jection of the columns into the rooms as small as practicable. 

In general, the spandrel girders are placed as near the outer 
face of the wall as the fireptoofing requirements will permit, that is, 

^ To Hbmply with CbiMOO Buiidins OrdinaM. ^ 
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with the ed^^e of the flan^^e 2 inches from the face of tlie wall. In 
onler to provhle support farther out, shelf angles or plates are used, 
projecting no nearer to the face of the wall than 2 inches. The 
outer 2 inches of the flange angles of a ginler may l>e (*onsidere<i as 
''shelf angles, if the area of this portion of the angles is not n^quired for 
the girder section; and in such a ease tlic girder is j>la(‘ed 2 inches 
nearej the fa<*e of the building tliaii other\\ise would be done. 

Fireproofing Around Openinffs. Around o})eiuiigs, tlie S|>eci- 
fications recpiire 2 inches for fin'prooflng and usually 1 inch is 
needed for plaster, stair faehi, or other finish. To these must be 
addeil the half width of beain to get tlu' distamr from finished edge 
of oiKuiing to center of beam. The a(‘tnul amount recpiirtnl varies for 
difterent siz(‘s of beam'.. It is usually (‘on\eni<‘nt to use the next 
larger wlmle number f)f inches. In most eases 0 inches will suffiee 
for the distance from center of beam to finished oinming. 

LOADS 

Classification of Loads. The structural frame of the buiiding 
must support the weight of all materials of eonstru<*tion, callc‘d the 
“dead Ioa<Ls”; and the loads of all kinds that may be imposed on the 
finished structure, called the “live lou<ls“. Deacl hiads are, in all 
eases, gra>ity loads, that is, they act ' crtically. Live hauls are 
gravity loads in most cases. (Belt-dri\ n machinery may c*au8e 
loads in lateral directions.) In a<ldition to the gravity loads, the 
framework must resist wind pressure. 

A design cannot be more accurate than the loads iijion which 
it is based. It is, therefore, of first importance that the loads used 
be as aecuratt' as prat-ticable. 

Dead Loads. TiTie so-called dead loads, that is, fixed or immov- 
able loads, consist of the weight of all the materials of construction. 
The quantities must be estimated from the architectural plans and 
the structural plans as they develop. 

Unit WeighU. The unit weights of some materials will vary 
according to locality and the weights of some will vary l>ecause of a 
difference in quality. 'ITie following values may be used as aver- 
ages for ordinary conditions. Weights which likely to vary 
with quality, location, or any ot^r cause should be verified or 
ccHTected by tiie designer. - 

j m 
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WEIGHTS OF MATERIALS OF CONSTRUCTION 


White pine, spruc'e, hemlock, i>er ft., board measure 3 lb; 

Yellow pine, fir, per ft., board measure 4 lb. 

Oaks, maple, ix;r ft., board measure 5 lb. 

Brick masonry, presstnl or paving, i>er ru. ft. 140 lb. 

Brick masonry, hard common, ]>er cu. ft. 120 lb. 

Brick masonry, hollow per cu. ft. 90 lb. 

Sandstone or limestone rubble, per cu. ft. 140 lb. 

Sandstone or limestone cut facing, per cu. ft. 150 lb. 

Granite, per cu. ft. KiO lb. 

Stone concrete, per cu. ft. 144 lb. 

Cinder eonerett*, per cu. ft. 06 lb. 

Cinder fill (wjj^hout sand and eement) per cu. ft. 72 lb. 

Mortar and plaster, ])er cu. ft. 120 lb. 

Ornamental terra cotta, backed and filled with common 

brick, i)er cu. ft. 120 lb. 

Marble, per cu. ft. . 175 lb. 

Floors, marble, tiitli colori, and similar, per sq. ft. 12 lb. 

Windows (glass, frames, and sash), per s(|. ft. 5 lb# 

Roofing, composition, per sq. ft. 5 lb. 

Roofing, gravel, jK^r sq. ft. 10 lb. 

Roofing, slate, per sq. ft. 10 lb. 

Roofing, tile, pi^r sq, ft. 10 lb. 

Roofing, shingle, per sq. ft. .3 lb. 

Sheet metal roofing, coniiei', etc, p<*r sq. ft. ^3 Ib. 

Partition tile, 3 in. thick, per sq. ft. 14 lb. 

Partition tile, 4 in. thick, per sq. ft. ^ 15 lb. 

Partition tile, 6 in. thick, per sq. ft. ^ 22 lb. 

Partition tile, 8 in, thick, per sq, ft. 28 lb. 

Partition tile, 10 in. thick, per sq. ft. 32 Ib. 

Floor flat arch (average of set) 8 in. thick, per sq. ft. 28 lb. 

Floor flat arch (average of set) 10 in. thick, per sq. ft. 32 lb. 

Floor flat arch (average of^t) 12 in. thick, per sq. ft. 36 lb. 

Floor flat arch (average "of set) 14 in. thick, pt*r sq. ft. * 40 lb. 

Floor flat arch (average of set) 16 in, thick/ per sq. ft. 40 Ib^ 


* Floor segipaental arch tile per set) 6 in. thick 

cFj^wn, per^sq. ft. 


281b. 
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Mortar for tile arch floors, per sq. ft. 3 lb. 

Book tile 2 iu. thicJc, per sq, ft. - 12 lb. 

Book tile^ 3 in. thicks I>er sq. ft. 14 lb. 

Beam tile (when not included with arch tile), per sq. ft. 12 lb. 
Gypsum partition blocks, 3 in. thick, per sq. ft. 10 lb. 

Gypsum partition bltK^ks, 4 in. thick, pt-r sq. ft. 12 lb. 

Gypsum partition blocks, 6 in. thick, ]X‘r sq. ft. 14 lb. 

Gypsum partition bUx’k.s, 6 in. thi<*k, ptT scj. ft. 16 lb. 

JlastcT on brick, concrete, tile, or i^ypsuin, jkt sq. ft. 5 lb. 
Plaster on lath, pej sq. ft. 7 lb. 

Suspended ceiling complete, per sq. ft. 10 lb. 

Steel bar 1 in. square, 1 ft. long, per lineal ft. 3.4 lb. 

Stf^el plate 1 ft. square, 1 in. thick, ptT sq. ft. 40.8 lb. 

Cast iron, bar 1 in. square, 1 ft. long, per lineal 3 125 Ib. 
Cast iron, per cu. in. .20 lb. 


The following items may vary considerably in weight but the 
ealucs given may be used for preliininary computations, ot vhen 
the quantities jire small: 


Iron stair construction, per sq. ft. 50 lb. 

Concrete stair construction, per sq. ft. 150 lb. 

Wood stair construction, per sep ft. 20 lb. 

Sidewalk lights in concrete, per sq^ft. 30 Ib. 

Reinforement of concrete, per eu. ft. 6 lb. 

Total weight of reinforced concrete, jkt cu. ft. 150 lb. 

Steel joists, per sq. ft. of floor 6 lb. 

Steel ginlers, per sq. ft. of floor 4 lb. 

Partition, tile plastered, per sq. ft. 25 lb. 

Same in hotels, per sq. ft. of floor 35 lb. 

Same in office buildings, per sq. ft. of floor 25 lb. 


Live Loads. Live loads are the temporary or movable loads 
in a building. They include furniture, merchandise, and people. 
The amount of live load depends on the purpose for which the 
buflding is used, and for a given purpose may vary greatly from 
time to lime and from one part of the building to another. The 
amount tp be used is a matter of judgment, unlfess an arbitrary 
wf^ht is estabtished by law. la most cities the building ordi- 


911 
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nances fix the iniiiimum live loads for various buildings a^^cordingto 
thc'ir use. The requirements of the Revised Building Ordinances of 
the ('ity of Chicago, adopted December 8, 1910, are as follows: 


Stores, light inanufaeturiiig, stables, and garages 

KK) 

lb. 

Office buildings, hotels, and hospitals 

5() 

lb. 

Dwellings, small stables, and private garages 

40 

lb. 

Churches and halls 

100 

lb 

Theaters 

1(X) 

lb. 

Apartment houses 

40 

lb. 

Department stores 

100 

lb. 

SchooK 

75 

Ib. 

Roofs 

25 

Ib. 


These loads are to be applied per square biot to the actual flf>or area 
of the building. ♦ 

In designing the floor slabs and joists, the full amount of the live 
load is used. For ginlers, the live load may be reduced 15 pcT cent. 
For columns, the load for the top floor is reduced 15 per ct*nt and 
for each succc.ssi\e floor downward the reduction is iiuTcased 5 per 
cent till 50 per cent is reaclu'd; tliis final ^ alue is used for the remain- 
ing floors. This method of re<liieing the loads on columns is allowed 
in Chicago. Other similar metliods are used in other cities. The 
designer must use his judgment as to the propriety of making the 
re<l actions. • . 

Special Loads. In addition to the ]i\e load, which is assumed 
to be unifornily distributed o\er tlie floor, there may be special 
loads, such as ele\'ut(jrs, inac*hinery, water in tanks, coal in bins, 
spa<*e for stonage of sjH'ciul materials, etc. The weight of water is 
(>2.5 pounds pi'r cubic feet, or SJ pounds per gallon; of bituminous 
coal, 60 pounds per cubic feet; of anthracite coal, 60 pounds per 
cubic f#ct. 

The weights of ele\ators are usually given by the manufacturer 
tox the particular situation. An impact allowance of 100 per cent 
is applied to these weights in desiring the beams and their connec- 
tions to the columns, but only the actual weights need be allowed 
on the columns. 

Loads on the Building Illustrated. In the Fort Dearbcan Hotel 
the following live loads are^i&M ; 
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For the roof, per sq. ft. 

251b. 

For 2nd to 16th floor, per sq, ft. 

601b. 

For 1st floor, per sq. ft. 

100 lb. 

For sidewalks, per sq. ft. 

150 lb. 

For frei^^lit receixin^^ rot^in, \yvr scp ft. 

150 lb. 

For stairs, per sq. ft. 

100 lb. 

The siH^cial loads are the elevator loads as 

indicated in Figs. 



load AT A - IJ400 
• - 3 - tl.SOO 

Cm A,sao 
< ^ j^,/oo 


SUPPORTS MARKED X~X TO 
3£ RURNtSMCD VTtTH THC 
STRUCTURAL STEEL . . 

THC It C* MARKED '’dT-lf 
ARC rURNtSHCD 3Y THC 
ELEVATOR CO - . 

♦ X 




\ ^OL'SO 


fREiCHt ELEVRTOR MACHtHE, 

Fig lOfilk Dotttib of Freight Elevgfcor Machine and EKi|»port8 


197 and 198 and ^ ater-tank loads shown on the plans of the pmt- 
hoHse, Plate S. 

The dead ‘loads are computed in connection with the various 
pnembers supporthig them, 'from the unit values previously given. 
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* The wind load is taken at 20 pounds per square foot of the 
exposed area of the building. 

TYPE OF FLOOR CONSTRUCTION 

Two types of floor construction are suitable for this building; 
the flat tile arch betwt'en steel I-lx'am joists, Fig. 199, and a 



PLASTEK. 

Fir 199. SecUon of FUt I'llc Arch Floor 


combination tile and reinforced concrete spanning from girder to 
girder, Fig. 2(K), and Plates J ami K. Other typ(‘s might be consid- 
erwl but have been rejected as not hewing suitable for the particular 
rcquirt'inents of this building. It is evident at once that tlK‘ type 
using joists requires more steel than the other, but in order to make 
a complete comparison of costs it is necessary to make preliminary 
designs of the steel required for typical panels for each type. 
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Fig 200 SqcIioii of RL*m{orced C«ncroto and Tik Fl<Hir 


Tile Arch Floor. Considering first the flat tile arch, the loads 
per square foot of floor on joists are 


Tile arch set in place 14 in. deep 

43 Ih. 

Concrete 3J in. deep 

42 lb. 

Steel joists 

»6 lb. 

Plaster 

51b. 

Partitions 

35 lb. 

Total dead load 

131 lb. 

lave load 

501b. 

Total load on joists 

181 lb. 
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The loads per square foot of floor, as applied to the girder are 


Total dead load of floor as above 

131 IK 

Steel girder 

4 1b. 

Fireproofing on girder 

2 1b. 

Total dead load 

m lb. 

Live load Sf/yo of 50 lb. 

43 lb. 

Total load on girders 

ISO lb. 


Therefore, 180 pounds j^r square feet may be used for both joists 
and girders. 

The allowance for partitions is deteriniiUHl by computing the 
total quantity and weight on one floor and divuiing by the number 
of square feet of floor area. 

The depth of the joists is assumed for trial to be 12 inches. 
The joists may l>e spa<‘ed as far apart as 8 feet, but a closer spacing 
is preferred. They may be arranged in the three ways shown in 
Fig. 201 . 

The beams iJ-22 and 17^24 support the wall load as ihe 

floor load. The amount of the w^all load is calculated as follows: 

(iross wall area IT-tf Xl9'-4" 212 sq. ft. 

Less windows 2X()'-4^X4'-0" r>l sq. ft. 

Net w all area 101 sq. ft. 

Weight of material com|K)sing w all is 

.4 -inch pressed brick wTighing 140 lb., per cu. ft. 47 lb, 

4-inch common brick weighing 120 lb., per c\i. ft. 40 lb. 

4J-inch hollow^ brick weighing 90 lb , per cu. ft. 34 lb. 

Total weight pcT sq. ft. of wall an^a 121 lb. 

Using even figures, the weight of wall on the spandrel l>eam is 

160X120 = 19,200# 

Scheme a. In scheme a, Fig- 201, the sizes of beams required 
to support the loads computed alcove are as marked on the diagram. 
The lengths used in computings are the actual lengths of the beams, 
£hat is, allowance is made for the wddth of cx>lumri. Thus the joist 
between columns 16 and M b taken at 18'*2' long, and because it is 
shorter than the other joists it is made lighter. 

Scheme 6. Scheme 6, Fig. 201, is similar to scheme a, the only 
« difference being in the spacing and, consequently, in the weight of 
^ the joisti^. It £as the advantage of using joists all alike and equally 
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spaced. It has the disadvantages of greater weight (slight), greater 
number of pieces to be handled, and of not providing a direct brace 
between columns 16-23. 

Scheme c. In scheme c, Fig. 201, the direction the joist^ 
differs from that in the other schemes. It has the disadvantages of 
a greater variety of sizes of joists an^ of throwing a heavy load on 
the spandrel girders which have eccentric connetlions to the columns. 
Its advantage (which is not apparent from the sketches but is shown 
on the architectural plans of the building) is that the girders do not 
cross the corridor which extends along the middle of the building 
alongside of columns 16-23. 

The weights of the steel in the thre^e schemes differ so little that 
this feature w^ould not govern. Scheme a seems to be the best one 
because it has the least number of pieces to handle, braces all col- 
umns in both dirc<‘tions, and loads the columns with the least eccen- 
tricity. 

pROULElylS 

1. Rstimate the ww^htH of hOvl in Iho panels sliown in Fik* 201 for wlu'ino* 
a, hf and c 

2. Check the hizcs of I-bcains u«ed in srhornes a, h, and c. 

Combination Tile and Concrete Floor. Now consider the 
type of floor construction shown in Fig. 2(X), that is, the <*ombina- 
tion tile and concrete. There being no steel joists, the weight per 
square foot as applie^l to the girders is estimated as follows: 


Concrete slab 31 in. 

42 lb. 

(^oncrete joists 4''X10', 40jjtxJ 

30 lb. 

Tile l(rxl2";32#x! 

241b. 

Master 

51b. 

Reinforcing steel 

3Ib. 

Girder steel 

41b. 

Girder fireproofing 

10 lb. 

Partitions 

35 1b. 

Total dead li^ 

153 lb. 

Live load, 85% of 50 lb. 

43 lb. 

Total load 

1961b. 


On the narrow* panels iSie tile fillers are 8 inches deep, the resulting 
saving in weiglit of tile and concrete and concrete joists being 9 
pounds.' This leaves a^6&l weight of 187 pounds per square foot* 
ou^thlbe mm>wjmDds» 
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Two adiemes for the arrangeiio^nt of girders are shown in Fig* 
202. In both eases the spapdrel beams have the same wall load as 
computed in connection with the tile arch type of floor, viz, 19,200 
pounds. ^The sizes of beams required are marked on the diagrams. 
Note that in scheme a the lighter load applies in the narrow panel, 
whereas in scheme b the beaviqr load must be used in botli panels. 



Fi*. 202. Lhaisram Sh<»wijig FraiuKiir for Cornbinutioa Tiin And (''oiirrpto Floor 

Tlie members marked S are struts wiiich support only narrow 
strips of floor load but are required to brace the columns in the 
direction in which girders do not occur. For this purpose light 
I*beams or H-sections are commonly used, but in this case reinforced 
concrete is used. 

Neither scheme has any definite advantage in weight of steel. 
Scheme a is adopted because the arrangement is better suited to the 
^{ilati of the floor. The girder is alongside the corridor and b 
covered by the^fMuthion. No girder crosses the corridor. The use 
hxgot spandrel beams assists in bracing the buOdmg. A 
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definite disadvantage is that the spandrel beams, carrying 
loads, have eccentric connections to the columns 

pROBLKM 

Check the hi zee of beams aiven m Fig; 202. ^ 

Selection of Floor Type. The selection of the type of floor con- 
struction is affected by a niiml)er of items in addition to the cost of 
the steel, i\lnch cannot be cemsidered in detail here. Some of them 
are: the efffH*t of diftVrenee in weight on the <*ost of the columns; 
the elfeet of the differi'nce in weight on the cost of foundations; the 
relative cost of the floors; tlie thickness of the floor construction; 
and soundproof ness. In this particular case the (‘ost of the steel 
is the most important item. 

Tlie combination t\pe i> used for this building on aecount of 
its eeonoiny, all (‘onditions being (considered. Plates J and K. 

FRAMING SPECIFICATIONS 

Arrangement of Girders. Some attention has aheady been 
given to the arrangement of the girder^ in the diseussion of 
tyjueal floor panels, but this arrangement really m'eds to be con- 
sidered in its relation to the entire buihling. IbdVr to the archi- 
tectural and the framing plans of the t\ pical floors, Platen R and G. 

K.rierwr, It is ne(‘('ssar\ of course to ha\c girders around the 
entire jHTimeter of the building to support the walls. 

Interior, The next thing to settle is whether the interior 
girderh shall bt' parallel to or per|x*ndicular to the outside lines of 
the building. The former arrangement is UM?d. It is to be noted 
that the girders and their covering project several inches below the 
ceiling liiu\ hence it is iini>ortant to place them so that they interfere 
as little as practicable with the interior arrangement. In the plan 
;iid(>pted the principal lines of girders are along the side of the corri- 
dors and thus can be partially or w'holly concealed They cross the 
corridors only at tw^o plac*es. 

The arrangement used gives practically a set of duplicate floor 
panels along the outride walls of the bMildiiig and another along the 
court w alls. The other plan would be nearly as good in this respect. 
However, columns 2 and 6 are not opposite the columns in the next 
row so that il girders pi^ipendicular to the outside Knes were used^ 
tbey^would be connected at one end to the columns mentiem^ but 
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would require cross girders to support the other ends. Having main 
lilies of girders east and vest, and also north and south, is adv^anta** 
geous in bracing the building. 

• Speaal Causes. On the first Mate (\ ginlers are reiiuired 
between columns on aetHnint of tlie length of span. Along 

the east and south sides no wall girders are retpiired because the 
basement walls can l)e used to support the first-story walls, hence 
along these two sides tlie girders are placed peri>endi(;ular to the 
side lines, (^her interior girders are plaec^d so as to give the greatt‘st 
jK)ssible uniformity in the floor construetion. 

Around openings, such framing is used as may be nec'dinl. No 
instruction is necessary for this, as the framing required can easily 
be determined from the conditions in each case. 

Each building has its special conilitions uflecting the placing 
of the girders. Flat ceilings, iK'rniitting no projecting beams, may 
compel the placing of girdtTs on the short spans and perhaps the 
use of double girders. The use of reinforced coruTCte floors with 
rtxls in two directions requires girders on all four sidi‘s of tlie panels. 
Pipe S»haft3 in line with tlie coliunns in one direction may mfuire 
the placing of the girders in the other dire<*tion. (\>luinns in rows 
in one direction, only, limit the ginlers to those lines, » 

Arrangement of Joists. Having estuldishcd girder lines, the 
joists, if used, are spaced as uniformly as pnn ticubli'. A joist should 
connect to each column in order to brace it, and the intervening 
panels should be divided into a number of e(|ual spaces. Their 
spacing is governed in most cases b>’*ihe type of floor construction; 
for the style of construction mlojitcd no steel joists are reciuired. 

Beam Elevations. The elc\ations of beams are given in refer- 
ence to the elevations of the fl(M>rs. The distance from the floor 
lines to the top of the beams is governed by the floor construction, 
llie items entering into this dimension are: the thickness of flooring, 
whether of wootl, marble, tutti colori, etc.; the mortar bed for 
setting marble and similar floors; the thickness of the wood nailing 
strips for wood floors; the spaix; for electrical and other conduits. 

The minimum thickness of concrete floors over beams should 
beSinefaes to allow space for conduits and to prevent cracks. Other 
floors require i^om 3 to 6 inches, depending upon conditions. 

In flat tile arch construction the total thickness is fixed by the 
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depth of the tyjjical joist. All beams deeper than this will be placed 
flush on top, and all beams shallower flush on the bottom. Thus, 
if the typical joist is 12 inches, the girder, which probably is deeper, 
will be placed flush w’ith the top of the joist and will project below 
the ceiling line; other joists and framing around openings which 
may be 8-, 9-, or lO-inch beams will be placed flush with bottom 
to provide Ixraring for the skevr back of the arch at the proper level. 

For combination tile and concrete, and for concrete floors, ail 
the beams will be placed flush on top except such as may require a 
different elevation to suit Some special condition. 

Spandrel l>eams, being embedded in the walls, are not governed 
by the elevation of the floor. In many cases these beams ^erve as 
the lintels over the windows and their elevations are fixed accord- 
ingly. This is shown in the spandrel sections. Plates L and T. 

For flat roofs, tlie beams may be set on slopes parallel to the 
roof surface, or may be set level, depending on whether tlie roof or 
the ceiling has the greater control. 

Arrangement of Columns. Location. It is desirable that the 
columns be arranged in rows across the building in both, direc- 
tions, but this may be prevented by the arrangement of the rooms 
in the building. The column spacing is also affected by the design 
of the exterior; the layout determined by the architectural require- 
incjits governs in most cases. Thus in the problem the position 
of column 18 is fixed by the light court wall; of columns 19 and 26 
by the .space rociuirtxl for elevators and stairs, Plate R; of column 
33 in the low^er part of the building, to suit the arrangepient of rooms 
in the first story, Plate N, it being offset at the fourth floor, Plates Q 
and R, on account of the light court wall. The spacing, of the col- 
umns along the west facade conforms to the arcliitectural treatment, 
an odd number of panels being used to allow an entrance at the 
center. The spacing along the north facade is governed chiefly by 
the interior divisions. 

Diitiance from Building Line. Tlie distances of the columns 
from the building lines are governed by the fireproofing, as has been 
explained. Tliey are along the north and west facades, 

along the alley and court, and V-(f along the south side. This 
latter Value is used because provision is made for a building on the 
adjoining lot which will supply any additional protection needed. 
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DESIGN OF STEEL MEMBERS 

Design of Beams. The spacing of columns^ arrangement of 
girders^ and type of construction being settled, the next step is the 
design of the beams* 

Joists. There are no joists except in a few oases and these can 
better be classed as special beams. Joists when used are almost 
invariably simple beams with uniformly distributed loads. There- 
fore, having computed the total load per square foot of floor, and 
having fixed the span and spacing, the total load on the beam is the 
product of these three quantities, and frbm it the size of beam is 
taken from the tables. Or, if the size has been selected, the capac- 
ity for the given span can be taken from the tables; and from this 
the floor area which it will supf>ort, and then the maximum spacing 
can be determined. The length of span and of load area used is the 
distance, center to center, of girders if the joist frames between 
girders, and the actual length of the joist if it connects to columns. 

Girders. The typical girders were designed in connection with 
the preliminary study of the floor construction. The special i ases 
remain to be designed. For example take girders 8^9 and 10^1 /. 

Girder 5-5 floor, Plate F, span IS'-fi". Loarl area on 

one side only. 

Total lotwi u. a. 18Mrxl0'-(rxlW#«H0,2(i()# 

This requires a 15*" I 

Girder 10-11 typical floor, span lo'-'i'^. Heavier slab north side, 
lighter span south side. 

Total load u. d. 

47 , 000 # 

Tliis requires an 18"' 1 46#* 

On the first floor all the slabs are built with 10-inch tile and 
provision is ma^le for a marble or a tutti colon floor. The live load 
allowoiiee is 100 pounds per square foot. The partition allowance 
can be reduced to 20 pounds per square foot because of the 
Urgef rooms. Therefore, the load per square foot carried by the 
girder is 

iMigM CgriMcItt bMm. Tbtw ipeei^i Imvo* m uTAlUbto. 


/ i.v-.r X lo'-cr x i 9 (’> # = 29, wm# 
G'-CrxlS?#-!?,!!!)# 
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IVIarhie floor 

10 lb. 

Mortar 

10 lb. 

Concrete slab 3J*' 

• 42 1b. 

r oficrete joists X 1 0", 40 # X J 

30 lb. 

Tile Hrxl2^32#Xi 

24 lb. 

Master 

T) lb. 

Reinforcing steel 

3 11). 

(iirdcr steel 

41b. 

Girder fireproofing 

1011). 

Partitions 

20 lb. 

Total dead haul 

]:)SMb. 

lave load 85% ol* UK) ll>. 

S.) lb. 

Total loa<l 

213 lb. 


Applyiiii? this to girder S-f), which has a spun IS'-Ci", gives 

Total load ii. d. l.S'-tj'X lO'-.T X243# = S7,IS()# 

This requires a 24" I GUJ § 

]’huiiij>:mh 

1. l>rsign RinlfT txpiral floor, 17-1'*, first fUnir; arirl girdoi 

first floor, I’liitow K ;intl (’ 

2. <^)!Tiputo 1ln' total loatl \)vr Hcpiiiro fiH't of floor in Iho fnaj^ht room on 

flu* first floor (p»iu*l Floor, a mnfonnl coturctc slub S incbes 

fhuk H<*o PIa(f*8 C' uiid N for ronstniutum of fl< or. No partitions Livo 
loiul 1.50 poundn Design flu* boani aiToss tin* c<*nl4*r of tin* f«ino1 ♦ 

n. Compute* Iho load on tlw roof Kifders, aiui dcsipi pinlors MO^ 
mid 10-11 tSv*4* PlatoM 15 and .1 ) 

Spandrel Oirden*, .spandrel girders in this design (*urry in 

most eases one-half jxaiiel of floor load and a paiu‘1 of walK The 
spandrel girders of the t\pieal panels of tlie typical floors were 
designed in the study of the floiir t\ |>t*s. 

The spandrel girder i-.S\ topical fl<H>r, carries only the w’all 
load; this is practically unifornil^v th’stributnl. The wall in this 
panel is 17 inches thick; its weight pcT square foot of surface is 
computed thus: 

4 in. pressed brick, 14() lb., per cu. ft. 47 lb. 

^ SJ in. coniinoii brick, 120 lb., ptT cu. ft. 85 lb. 

4| in. hollow' brick, 90 lb., per cu. ft. 34 lb. 

ItiOlh. 

The w^all surface is the panel area less the wdudow area, vi«, 

201 sq.ft. 

Ix*sa 2X3'-6‘'X6'-(r 42 sq. ft. 

Net 159 sq. ft. 
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Therefore the weight on the girder is 

16(5xJ59-2th40()# 

The span is 18^-6*^. lliis rtHjuires a If/ 1 3()^. More exact coinpu-* 
tations would take into aa^ount the position of the windows, weight 
*of concrete annind beams, and weight of ginler, but vrould not 
change the result in this case. 

The effect of the wind stresses on the spandrt'l girders is con- 
sidered later in the text. 

Proslems 

1. Dotnxn spandrel girder /-5, typical fltxjr. 

2. I’K'wgn spandrel ginler 10-17, typwal floor 

3. Design spandrel girder 18-17, t 3 r]>ii:al floor. 

Special Beams, Sfiecial beams are required around elevators 
and stairs, and for the support of eh‘vator machinery, chimney, 
penthouses, apd tanks. 

Panel S0-31-3S-37, The jianel tiOSlSS-Sr contains stiveral 
special features, viz, a stairway, an elevator shaft, a chimney and 
vent space, and a pipe shaft. There is only a small section of floor 
in the panel^-adjacent to colunvi S7 on the typi(‘al floor. 

In the north half of the panel the 8-inch I-lHJarnsHupiwii only 
partitions. None of them arc fully loaded, but this sizt; is considered 
the minimum for this situation. 

The stair load may be taken at 50 pounds per square fcxit for 
the dead load and 100 pounds per square fm^t for the live load. 
It is supported by the 8-inch I-bcam near column 37, and the span- 
drel beam 31-38, The latter beam cannot be placed at tlie floor 
level because the windows just above the stair landing interfere, .so 
it must be placed near the level of the stair landing. 

Framing around stairiveUs should be so designed that the weight 
of the stair can be supported from either the sides or the ends. some 

' eases the entire stair load is carried by the stringers to the beams at 
the ends of the well and in otlier ceases hangers and struts tran.smit 
the loads to the side beams. Usually this cannot be determined 
by the structural steel designer unless he designs the stair. 
PaOllLfSM 

Dcengn the cross beam near the middle of panel S0St-S8-37, typicid floor. 

Panel THe special framing in the panel 19-20- 

Kg. 197 and Plate P, provides for elevators and stair. 
presents no uhusual features. 



I ! 16th sty. } 15th Stj*. [ 14th Sty. 



1-1^.203 (CcmtiDuedj 
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Penthouse. The penthouse^ Plates G and S, between oolunOiB 
contains number of special items. Beams are re- 
quired at the roof level to support the penthouse walls. At the roof 
levd n^r columns 29^6, two IS-inch I-beaiAs ate provided for the 
jfmrpose of carrying two water tanks aOd the concrete platform on 
which they rest. 

The machine platform, Plate S, at an elevation of about 18 feet 
above the attic floor, supports the freight elevator and its machinery. 
The arrangement of the sheave beams and the machiner>s and the 
loads are given in Fig. 198. As previously directed, these loads 
must l>e doubled for the beams and their connections* It is not 
worth w^bile to figure closely on the elevator supports. Only a 
small amount of material is involved, so all the computations should 
be on the safe side. 

With the liberal treatment of the elevator loads suggested 
above there remains nothing complicated in the designing of the 
jicnthouse framings, but the work is tedious on ac'count of the 
variety of loads and the irregular spaeings. 

PROBIJ^IM 

Chei^k the framing m the j)ent house t)f*twf*en eoUiruns Plates 

G and K. 

Sidewalk Construction, The sidewalk framing is shown on the 
first fl(x>r plan of the building, Plate C. A strip of prismatic lights 
extends along the building line, Plate K. 

Pboblem 

Check the siaea of beams uafnl in the Hide walk. 

Des^ of Columns. Columns 8 and 9 are selected as typical 
exterior and interior columns for illustrating the computation of 
Idads.ftnd the design. 

Imds on Colujnn 8, Fig. ^3 gives the schedule of loads on 
column S. The floor area tributary to the column is 
or 191 square .feet; for convenience use 190 square feet. This area 


applies at all floors and the roof. 

The dead loads are 

Roof, per sq. ft. 90 lb. 

Six}' to attic floors, per sq. ft. 153 lb. 
2nd floor, per sq. ft. 170 lb. 

1st Booti pef sq. ft. 158 tb. 
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The live loads per square foot for the successive floors after 
making the reductions described on p. 298 are, 


Roof 

.25 lb. 

9th floor 

2.5 lb. 

Attic floor 

42J lb. 

8th floor 

25 lb. 

1 C)th floor 

40 lb. 

7th floor 

25 Ib. 

15th floor 

m lb. 

9th floor 

25 lb. 

14th floor 

.15 lb. 

5th floor 

25 lb. 

13tli floor 

m lb. 

4th floor 

25 lb. 

12tli floor 

:{0 lb. 

3rd floor 

25 lb. 

11th floor 

27i lb. 

2nd floor 

2.5 Ib. 

lOth floor 

2.5 lb. 

l<t flcMir 

.50 lb. 


Column S supports onc-lmlf of the wall bet vv e'en columns f 
and <9, and one-half between coluiims <9 and As these panels 
of wall arc not the same thickficss, they are estimat<'d sepjaratel.v . 
Their respedive weights hav’e been estimated to Ik* Ibfl pounds and 
J21 pounds per square foot for wall surface. 

The wall area estimated is the net area between columns, the 
width of column for this purpose being taken at 22 iiu'hes, out to 
out, of concrete. The brick facing for this width is estimatcnl 
WMth the weight of the column. Between columns 1 and 8 in the 
ty])ical stor\, the total wall area is 11'X17'-S"' or 194 square feet. 
From tl^ is deducted the window' area, Plate V, 2X3'-6"'Xfl'-4*' 
Of 44 stjuare feet, leaving a net area of 150 square feet. One-half 
of this, 75 square feet, is carried by cedunm S, At other stories 
the area differs because of different story heights and different 
window's. At the roof in this panel are a terra cotta balustrade 
and a cornice, Plate T; and at the 3rd and 4th floors aie belt courses 
of terra cotta projecting beyond the w'all line. These are irregular 
in shape but their dimensions can be scaled and their approximate 
weights computed' at the rate of 120 pounds per cubi<i foot. 

K Betw’een columns 8 and 15 in the typical story, the area sup- 
pptted by column 8 is or 192 square feet. From this is 

deducted tlie window area 2x4'x6M'' or 51 square feet, leaving 
a net area of 141 square feet. One-balf of this, ^0 square feet, is 
carried by Column 8. Note that the small windoti^ is neglccte^ 

^ Atthe roof there is a parapet wall the dimensions ‘of^whi^ can 
1^ scaled from the drawtni^ 
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The basement and first story walls are not supported by tbe 
steel framework. 

For the weight of the eoliimn and t*i)vering an average account 
per foot of length is computed and used for the w^hole length thtis: 


Steel 

lf)0 lb. 

Concrete (22x22 les^ 40) say 

450 lb. 

Brick facing 4'X22'' say 

90 lb. 


690 11). 


This amount is too large at the top and too small at the bottom. 

From the foregoing data the h>ads on (H>luinn 8 are emnputed 
and entered in the schedule in Fig. 203. For the eolunin section in 
any given story the loads entered are the weight of the column in 
that story, the weight of the floor above, and the weight of the walls 
in the stor>’ above. 

As the loads are entered, the eccentricity, if any, is noted as 
iiKlicate<l by the letter e. - At all floors from the second to the 
roof, one-half of the floor load comes to the column through the 
girder 8^9 and one-lialf hrough A-/J. These' comuTt on opposite 
sides and balance each otlie*r. At the first flour the entire tl(»or 
load connects to one flange and, therefore, is eccentric. The w^all 
loads are ecwntric throughout, but at the second floor the wall load 
1~8 is only slightly so and is on th^opp«>site side of the axis from 
the i^all load In the schedule, on the line marked “ecVentric 

effect”, are given the concentric equivalents of the eece^flhric Icjads 
computcnl from the formula 

T 

No serious eyor is committed if, for the shajM? of csfluinn here use<l, 
the value of r is taken at eight-tenths of c. The result can be checked 
back and the error corrected, if necessary, after the section has l)een 
selectetl. The values in the schedule are computed on this basis 
but the amount entered is three-fourths of the computed amount. 
Thus for the attic story column the computations are 

' = 40,600, ray 40,000# 

Three*foviths of.Ahia is 30,000, which amount is used. At all tbe 
t}'^cal doprs, the result is so dose to this amount that it may be 
used from the second sUay to the roof. 


' 82 » 
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The eccentric effect at the first floor (on barsement column) is 

Tr'..39,500X^^^J^ -02.000# (approx.) 

three-fourths of this is 46,500 pouitds. 

Note that the eccentric effect is not cuiniilativc. 

Loads on Column 9. The lornia on column 9 are much simpler, 
consisting only of the weight of the column and the floor loads. The 
flcxtr area is lO'-.Tx Ht'-ti* or .320 scjuare feet. On the floors, second to 
attic, the part of this area in the panel 9.}0-l7-Ifi is lighter than the 
rest of it. Thi.s is taken into accoflnt in the following dead loads: 


Roof, per sq. ft. W) Ih. 

3nl t(* attic floors, per sq. ft. KW lb. 

2nd fl(K»r, i)er sq. ft. 107 lb. 

1st fltK)r, {a*r scj. ft l.'jK lb. 

The weight of the column per lineal foot is 

Steel 1 .')() Ih 

(’oncrete, (20X20 less 40) .300 lb. 

Total .')10 lb. 


At each floor there is eccc'iitricity due to the unequal loads from the 
girders 9-9 and 9-W. On all floors from sc*cond fo roof 100 square 
feet of the total area are applies! to the (‘olnmti through girder fJ-W 
which connects to the web an<l is not ecs-rntric; 90 sfjuare feet arc 
applied through girder 8-!h, and 04 .scjuare feet through gird(‘r 0-10. 
'The difference Iwtwcen the last twcj amounts, 32 squfirt* feet, is the 
unbalanced area prcducing e<-ceutricity. 

The loads in the schedule for column 9, Fig, 2(W, are computed 
from the foregoing data. 

The ec>centric effec't Ls small and to save tedious calculations 
can be computed for average conditions at a typical floor and the 
result applied to all floors exc-ept the first. ITius, at the fourteenth 
floor the total of dqad and live loads is 60,000 pounds; one-tenth of 
this, or O.CKM) pounds, unbalanced and, hence, is eccentric. The 
values of e and c are equal and may be assumed 7 inches; r may be 
assumed 5 inches. 

12,000# (approx.) 

oXo 

Accordi% to the rule |dopted three-fourtfaa of this amount is used* 
' 4hat. is, 9^000 V^tiuds^* This is applied at all floors except the flrilt. 
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where the load conditions are different. After the coluian section 
is selected, the eccentric effect may he checked, using the actiml 
values of e, c, and r. 

Column Section, TyjK", The t-olumn section adopted for^this 
building is the H-scctioii built of plates and angles. It is selected 
because of its ease of manufacture, ease of making connections both 
to web and to flanges, and for commercial reasons. 

Location. The position of the column as to the dire<*tion of 
greatest stiffness has been dis<*ussed, and in both of the examples 
the column Is jJaced so that the stronger way resists the eccentric 
motnent of the load. 

Size. It is desirable, though not of great importance, that the 
general size of the colunm be maintained throughout the height. 
For this reason a 12-inch web plate is used, although this might be 
ina<le 10 inches in the upper stories and 14 inches in the lower stories. 
If column S were made 10 inches in the \ipper stories, the eccentric 
effect wouhl be so increased that the section reejuired would prolv 
ubly be greater than for the 12-inch column. The use of the 14-inch 
web plate in the lo>\er stories would decrease the w^eight of the 
columns but \^ouId make the finished columns larger and thus reduce 
valuable floor space. 

liCMigth. The columns are made in two-story lengths, the 
splices in this case being mmle at the even numl)ered floors, that is, 
al 2, 4, 6, etc. The columns ^ Inch extend through the sul>-basement 
are made in thrt‘e-story lengths to bring the splice at the second 
floor so as to be at the same level as the others. The cross section 
of any length of column is governed by the stress in the lower of 
the t^^o stories comprising that length. 

Summary. Having the loads computet! as given in the sched- 
ules and ha^ ing establishetl the foregoing general conditions, it only 
remaths to select from the tables in the handbooks the sections 
required for the several lengths of column anff enter them in the 
j^4iedule. (See also Plate H). ^ 

Ih desigrting these columns’^ the maximum thtekness of metal 
used b } inch, because *any metal thicker than this would reqmre 
reaming or drilling and thus add to the cost. Wheathe to^ thidc- 


t#bk« tc> on and 194 am npt umd in wakia# Uib cMpu; an tba 

IdM-iaal MWtIott mti be found tb«v«ui. 
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ness of cover plates on one flange Is more than } inch^ two or more 
plates are used« each being f inch or less in thickness. No cover 
plates are used unless the stress is beyond the capacity of a section 
having f-inch metal in the web plate and angles. 

•Pbob&ms 

1. Compute the loade and make the deeign for column W, (Not« that 
this column extends through the 8ub4)asetnont ) Make schcdnln as in Figs. 
2a3 and 204. 

2. Compute the loads and make the dmgn for column /7. (Kote that 
the e^,mrt walls do not occur below the third floor.) 

3. Make a diagram showing the flour areas supported by eoUimn f/ at 
the first, second, third, and typical floors, Plaices C'!, D, E, and F. 

4. Give detailed computations of the a all load supported by column t7 
in a typical story, Plates F, R, and W, 

Column Pedestals. The piers under the columns are round and, 
therefore, in order to distribute the load as evenly as possible, round 
cast-iron pedestals of the type shown in Fig. 152 and Plate H are 
used. The bearing allowed on the masonry in this ease is 800 
pounds per square inch. The load for column 8 is*l,129,(X)0 pounds 
and for column 9 is 1,132,0(X) pounds. (The eccentric effect js not 
included.) The area required is 1415 square inches, which 
sponds to a circle 42 inches in diameter. But for the sake of using 
few patterns, the diameter is made 44 inches. 

Height While the height of the pedestal is taken at 24 inches, 
there is no very definite w^ay of determining the height. However, a 
number of trial designs indicate that pedestals of the type here used 
should be proportioned as follows: 

For a bearing of 800 lb. per .sq. in., height 53% of diameter 

For a bearing of 600 lb. per sq. In., height 43% of diameter 

For a bearing of 400 lb. per sq. in., height 35 /o of diameter 

Top. The size of the top of the pcnlestal is cuiitnillexl by the 
detail of the bkse of the column. It must extend far enough beyond 
the hub to provide holes for connecting to the column; 2J inches at 
the narrow place is usually enough and this is available to resist the 
broding moment. The thickness is assumed arbitrarily at 1 ^ inches. 

Ribs^ The number of ribs assumed is eight. Their thickrfess 
is not less than one-twentieth the height, that is, inches. 

' Diameter of Ilvb, The diameter of the hub is made such that 
*the grcMT part of the column section is directly over it. In this 
ease 11 mches {aside diameter is suitable. The thickness of the hub 
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must be such that its area together with that of the riba under the top 
plate will support the column load at 10,000 pounds per square in<3». 
Thus the total area required is 113 square inches. The area of the 
ribs to lie counted is 8x2J''xli' or 25 square inches, thus leaving 
• 88 .square inches to be provided in the hub. This requires 2\ inches^ 
thickness of metal, which makes the outside diameter 15J inches. 
The area of the 11-inch circle is .square inches, and of the ISf-inch 
circle 188 square inches; the difference, 93 scpiare inches, is slightly 
more than required. 

The thickness of the br)ttoiii plate must Ik* assumed for trial; 
use 2J inches. 

The diincnsinns of the rim are fixed arbitrarily inches thick 
and 5 inches high. 

Teat for Jieauftanre to Bending. Ilaxing determined or assumed 
the thickness of metal in the v arious parts of the pvsiestal, it is now 
necessary to test the cross .section for its resistance ti> la'iiding. 
The procedure is the same as that given on p. 220. 

Cenier of (Iravity. 'Fo locate the center of gravity anil the 
neutral axis, take the follow'ing: 


Hotfom plate nr*-a 41 X'.!] ^112 7.'» ,W1I2 7.'>X 1 .17.5=* IMOr) 

Mul) an a 2Xl'.»lX2{=^ SstK) O S.S i«l X 1 2 «2.5 = 1 1 22..W 

Top plate urea 2X Ilx2{=^ 7 .)0 1/ 7.'WIX23 2.'> « 174 37 

Run iin-a 2X l.\0« .W I.'> X fl -= 7« 7.5 

2211.5 l.5:«).53 


The ilistantx* of tht* neutral axis from the 


l.')30.r)3 


224.15 


-or C.S5 inches. 


Ixittom of the plate is 


Momaii of Inertia. 
the neutral axis is 

For bottom plate 

«• 

For hub 
Tor top plate 
For rim 


The moment of inertia of the section about 

(,’,X4lX (2.7.5)* = 71 

\ 1 12.75 X(5.48)’ = 3386 

f,',X2.25X(19.2p)*X2 - 2880 

”\SS.9X (.5J8)* - 2969 

,‘,X2.50X(1.5)*X2 « 1 

7.5 X(16.4)* 2018 

/T‘»XliX(5)*x2 «= 31 

\l6.0X(1.6)* 38 

Total moment ol inertia » 11,304 


SM 
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Mtmietti. The resistitiR inome-Ht of llie seetJoii is 

J{ if 

G sr> , * 

The l>eticiif]g nKiinoiit of the l(>a<l is 

X -i * X -i.OKO.CHK) in.-ll) 

Hence the a^sj^incil plate has the re(|uire(l resi.staiKt' to bt^nling* 



Fig 205. 1>ugraiD 8bo«mg Bcmiuig MonM«i« Due Wind Fr<Mi«iiiro 


A^coldkns 36, S7, 38, ami the piers arc l>uilt eentnJly 

on the rot line tolfopport tw'o arts of columns. The bases < 0.0001 be 
rodended beyond the lot Unc, «» are made rectangular. Three 

836 
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I-beams are used for this purpose, as illustrated in Plate H. The 
methcKl of designing has been explained urvier bearings for beams* ^ 

« WIND BRACING 

Wind Loads for Entire Building. The wind load is assumed 
to be 20 pounds per square foot, all of which is to be resisted by the 
steel frame. Fig. 20o is a diagram on which are marked the wind 
loads for the successive stories and the resulting bending moments 
in the columns and the girders. The values given afe for the entire 
building and, as the building happens to be practically square in 
plan, the diagram applies for both directions. ^ 

At each of the upper floor levels, tlie load applied to the frame- 
work is 1(K)X 1 1 X20 or 22, (XK) pounds. The first, second, and third 
floors support different areas, hence different loads. 

Bending Moments. In Columns. The bending moments in 
the columns are computed as follows: 


Attic 

16th story 
15th story 

etc., etc. 

22,000Xoi= 121,000 ft.-lb. 

44,000 X5i = 242, (XX) ft.-lb. 

66, (XX) X 54 * 363,000 ft.-lb. 

1st story 
Bas€*inent 

3S2,r>(X) X 7i = 2,773,000 ft.-lb.' 

397,000 X0 = 2, 3«2,000 ft.-lb. 

In Girdem. The bending moments in the girders, according 
to the rule previously established, are the means between the bending 
moments in the columns. The values are 

Roof 

121.000+ 000.000_ 

Attic floor 

121,000+ 242,000. 

16th floor 

242,000+ 303,000. 

etc., etc. 


2nd floor 

^^gM+%773,000 ,2,683,000|t.4b. 

1st flwr 
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Note that the bending moments in the girders given above are 
for <me side only of the column; an equal amount occius at the other 
side, making the total amount to be resisted at each floor tmce that 
given. 

ResMance of ^umdrel Girders. Consider now the wind from 
the North or from the South. At all floors resistance b offered 1 y 
the spandrel girders between columns 1-S6 and 7-^jf (except at first 
floor 1-S6), and by interior and court wall girders in a north and 
south direction. 

In the upper part of the building, the girder sections which are 
required by the gravity loads are sufficient for resisting Uie wind 
stresses. The first step is to determine the n^sistance that can be 
developed by these girders and then find at which floor it is neces- 
sary to use special construction. The connp«*tioii8 of the spandrrf 
girders are shown in Plate F and Fig. UK). The horiseontal shearing 
value of the (fiehl) rivets in one flange at .50 jmt ccjit excess values 
is 4X.44X 15,000 or 20,4(K) pounds. Then the resisting moments fw 
oqe end of each beam of various depths are as follows: 


12-inch beam 
15-inch beam 
18-inch beam 

20- inch beam 

21- inch beam 
24-indi beam 


1 X 20,400 = 
liX26,4(K)^ 
Ux2fi,400= 
11X20,400= 
11X20,400= 

2 X20,400= 


=20,400 ft. -11), 
=.'1.3,(K)0 ft. -II). 
= .39,000 ft.-lb. 

HJDOO ft.-lb. 
=40,200 ft.-lb. 
..52,800 ft.-ll). 


This applies to the court spandrels as well as to the outside spandrels. 

Resistance of Interior Girders. The connections of the interior 
girders are shown in Plate I and Fig. 191. In the case where each 
flange is connected by six 1-inch rivets, the horizontal shear resist- 
ance is 6 X. 44X1 5,000 or 39,600 pounds. Then the resisting moments 
far one end of beams of various depths are as follows: 


12-inch beam 
15-inch beam 
184iich beam 
ibdndbeam 
21-in(ii beam 
24^indhheam 


1 X39,600 « 39,600 ft.-lb. 
11X39,600-49,500 ft.-lb. 
11x39.600 -59,400 ft.4b. 
Iix39,600-66,000ft.-lb. 
11X39,600-60,300 ft.4b. 

2 X39,600-79,2001t.-lb. 
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On a typical floor the nnmher of connections and their values are: 


4 spandrel beams 
12 spandrel beams 
IS spandrel beanrLs 


15 inch at 33,(X)0- 132,000 ft.-lb. 

IS inch at 30,000 - 475, 2(K) ft. -lb. 

2 1 inch at 40,200 - S31 ,000 ft -lb. 1 ,438,800 


4 interior bean»s IS inch at 50, 1(K) = 237,000 ft.-lb. 

14 interior beams 21 iiu*h at 00,3(K) — 070,200 f<. -lb. 1,207,S(K) 


2,040, 

This resistamr i'* MifKcient at the eij^hth floor and iipv\artl. Above 
the tenth floor tlie interior eonne(*tions nuiy l)e redmed, indi<*atc<l 
on Plate I. 

The interior connections cannot b(‘ increased without the use 
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of brftckets which would project through the lirepKxAng. Thfe 
spandrels are not so limited and brackets can be used to increase 
thwr reais^nce. In this-manner the resistance to wind stress^ etui 
be provided down to and including tbe foilrtfa 

QJrdcr Resistance fo^SPUrd FUmm*. At the tmrd floor. th(^ wall 
, conatnigtion is such as to make desirabfe deep q>andrel j^rderB 
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between oolumns and These fdrders with tiieJr oemnee- 

tions are shown in Plate E. The amount to he resisted at the 
third floor is 2x2,104,()<>0 or 4/20S,(HH) ftK>t-^M>uud^. Of this about 
1/>0(),(K)0 hw)t-|^»un(ls are n'sjstetl h\ the iiiteriof beams, leavinft 
2,7()0,t)(K) foot-pounds to he resisted h\ the spandrel Ixuims. Con- 
sider this di\ided equally between the two sides, there being 10 
amneotions on each side, so that eaeh coiineetion in the spandrels 
l-tiOmu] must resist ldr),(KH)rt>ot-pouTids. This rc^quires braeketa 
of the tyj>e slumn in Fig, 192 ft>r lla^ I-beams and thecfmiuxj- 
tions shown for the plate girders, Plate E. 

The (‘omputations of the eonriei*tion of llie plate girders are 
sliown in Fig* 200; a is the rivet sparing; h is a graphical diagram 
giving the proportions of the full me t stress for the rivets at various 
distances from tlie (vnt«T, and r is tlie eompntations. Thus item 1 
is 2 field rivets^ f-inch rliameter, in single shear, at full unit *stress, 
wjth a moment arm of dj feet; ite^n d is 2 fiild rivets, J-iiich diam- 
eter, in single shear, at 0.72 of the full unit stress, with a moment 
arm of 2i feet. The total resistume is somewhat larger ^han 
nxiuirtul. ^ 

The girder section is e\eessi\e, the <h‘plh Uirig fixed liy the 
spandrel const ru(‘t ion, and plates ainl angles being the minimum 
sizes suitable for this situation. 

Girder Resistance for Second Floor. At the second floor the 
interior girders are arranged <iifTcTentl> , so their resistance must be 
C’Oiiipute<l, The inetluMls just given, ai>ptied here give 172,000 foot- 
fHmnds as the bending moment at rach spandrel eomie<lion. TIic 
connections to the columns are designed in the manner previously 
iUustratei), Plate D. 

Girder Resistance for First Floor. At the first floor there are 
no spaiulrcl girders bet^^ee^ columns The columns in this 

row are l>edded in the basement \^all. The wall is assumed to resist 
one-half of the wdiid stress at this The other half of the stre^ss 

is resisted by the interior girders ^(^4^ and the spandrel Orders 7^4^, 
Plate C. 

jrtie mistake is scimetimes mafle of neglecting the wind bracirig 
at tJR first floor. Thi^ {$ the mmt important plaoe where it ehouU 
gmn aUeniion. ^ It cannot be expetied that the pressure will be 
teii^nutted t<f tbe ^urth at a higher level than the basement floor. 
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Proof, of Column Sections* It remains to be determined 
whether the column sections are overstressed by adding the wind stieas 
to the gra\ity stresses. One case serves to ilhistrate the method. 

At the second floor, the bending moments in column 8^ oorre* 
spending to those in the <x>nnecting spandrel girders, are 160,000* 
foot-pounds and 184,000 foot-pounds above and below the floor, 
respectively. Consider the first-story column. This bending mo- 
ment is basiKl on a moment arm of 7J feet. The critical section is 
at the base of the bracket which is 3 feet below the center of the 

girder. At this point the l>ending moment is 184,000 or 108,000 

7J 

foot-pounds, or 1,2%, 000 inch-pounds. 

The column section in the first story is 

1 web plate 12*'X f' 

4 Ls 6*^X4 -^Xf 

0 cover plates H^'X I*" 


The bending is about the axis which is parallel to the web, so the 
, values of c and r must he taken in reference to this axis, c is 7 inches, 
one-half of the width of cover plate, and r taken from the tables for 
this ci»lumn is 8.5. Then the concentric equivalent load is 

1,296.000 X 7 .. 

"• —aXxsX"' 



The gravity load on this column is 1,088,000 pounds, making 
the total for which it must be designed 1,828,0(X) pounds. The 
feiigth may be taken at J 1 feet on account of the depth of bracket* 
Acconling to the column formula, this section is good for 1,196,000 
pounds. For the combined stress this is increased 50 per cent and 
equals 1,794,0(K) pounds. As this is within 2 j)er cent of the required 
capacity, it is accepte<l. 

^he designer is warranted in making liberal assumptions as to 
the letigths of columns and the allowance of excess stress when th^ 
4tre built into substantial masonry walls. 

Itliis case illustrates the desirability -of carrjdng as much df the 
wind load as practicable on the interior columns and girdersg^|ther- 
wise the exterior columns may need to be increased above me re* 
quiremetit^ the gravi|y^ loads in order to take the heavy adnd* 
str^ss^ 



STEEL CONSTRUCTION 


In cases like that above, it may be best to turn the cdlumns in ' 
the other direction. It is simply a question whether effect of 
the wind stress is more important than the effect of the eccentric 
gravity loads. * 

Other Wind Stresses. Now, consider the wind from the East 
or from the West. It happens that the south wall of the building 
is solid, so that diagonal bracing can be used, as shown in Plate I, 
and such bracing is designed to take one-half of the windatit^ in this 
direction. At the ninth floor a strut extends across the court so that 
the tw'o sets of bracing co-operate below that level. The other half of 
the wind stress is carried by the interior east and west girders and 
the spandrel girders 1-7. The problems involved do not differ 
from those that have been described. 

MISCELLANEOUS FEATURES 

Chimney and Its Supports. The chimney, Plates II and I, is 
located near column SI. It extends from the sub-basement floor 
to the top of the penthouse. It is made of steel plates. The thick- 
ness of pistes is arbitrarj’, the chief consideration being durahilitja 
The chimney is lined inside with an insulating material which is 
.supported by shelf angles spaced 3 feet apart. The chimney is 
designed to be built in sections cortcKponding to the two-story 
ralumn lengths. The sections are joined together by means of 
flange angles and bolts. 

The entire weight of the chimney must be carried from one 
support, as its length varies with riianges in temperature. So far 
as the finished structure is concerned, it could rest on the sub-base- 
ment floor, but for convenience in erection it is supported at the 
first floor. Thus it can be erected along with the structural steel, 
the basement and sub-basement sections being placed at any con- 
venient time afterward. Usually the sub-basement work is not 
dome until after the steel framework is erected and it would then be 
difficult to get the chimney into pitc& 

The detaib of the breeching connection are given to control 
bo|||the structural steel fabricator and the builder of the breeching. 

^Aaamuy Siqiports. Along the two facades /at tiie first Boot 
are some granite bases which require supports. These supports, 
detafled in Plate C, are made ind^ndent of the sidewalk construo- 


Ml 
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^tiou so that tlic |;;raiiitt‘ can lie set in advance of building the side- 
walk and ^Iso so it w ill not be affected by any pos^sible settlement 
of the sidewalk. 

At all floor levels or otlier eonveineiit points, provision must be 
made fer supporting the masonry a<Toss the face of the columns. 
This can be done on this building in ino>t eas(-s by extending a part 
of the sjiandrel sections across the column. Hut in inan\ buildings 
sjK*('i{d shelves must be built. 

Lintels. Most of the Np^ndn*! girdtTs are mi located that they 
serve as lintels o\er the wiialow^. I'lates are riveted on the bottom 
flange over these oiienings to support the outer course of bricks or 
the terra cotta lintel. The ed‘;e of tlie platt* is plaeerl 2 inelies liaek 
fnirn the outer face tif tlie lirukwork. Some designers pri'fer to 
extend thcst* plates the entire lengtli of the girder to support the 
face brielv» Hates L ami \^ hen the wimhnx s arc not high enough 
for the above' linte'l elctail, tlcta< bed angle* Imte lH arc u^ed. 

Spandrel Sections. On buildings having clulioratc fae^aite's, 
many special eh'tails must Ik* ele'signe'el for supjxirtmg the masonry, 
^Hie spaiulrol se'Ctions on this Iniildmg, Hates L and T, are egm- 
purntively simple\ 

At the sceoml floor a projecting plate is used along the liottom 
flange of the girder. At the* thin! Iloeir a similar plate* is usewl and, 
at the top of the girder, brackets jiroje'e t out for supporting a licit 
course" of te*rra cotta. 

Ornain»*ntal metal balcenncs at the" seventh, ninth, eleventh, 
and tliirteimth floors are* supporteel by light angle brackets riveted 
to the girders. 

A terra cotta bale onv at the fifttK'nth flot>r reepiires the special 
framing shown feir it. 

In giMUTal, wlierever terra c"otta is used, anchor holes are re- 
quiml iff the structural ste'cl. It is the duty of the designer to 
secure the nee*essarj^ elata aiul put it on the drawings. These holes 
UHiiidiy are spawi almut six inclfc's ajwirt liorijamtHlIy. Only the 
vertiml dimensions need Ih 5 suppIuHl. 

I'be cornice supinirt i*rji|uite similar to that of the terra ajjjlta 
course at the tliird flinir. For wide eurniws, brackets project from 
tile columns, and fhese brackets carrj' beams for the support of the 
terra cotta^ Every case requires its special design 
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Flac Pole Support. Near column 7 on the roof plan, Plate G, 
is shown a pair of channels for supporting a flag pole, ^ siimlar 
pair of channels occurs at the attic floor. On some buildings the 
flag pole can l>e connected directly to a column. This is the simplest 
and most desirable scheme. In some cases it may be set in sockets 
on the roof and braced with angle or other struts. 

No data are known to the writer regarding the loa<l on a flag 
pole. A load of 20 poutuls square foot app)ie<l to the area of the 
flag seems sufficient to cover the actuail wind pressure aiul vibration. 

Mulllons. Where the space bctwtHMi windows is not enough to 
permit a substantial masonry pier, the inullimi should be rtMnforce<l. 
I-l)cams, tees, or angles may lye use<l,<Ieix‘nding on the conditions. 
In this two rtxls are built into the brickwork, IMate L. 

Anchors. The aiukor rods show n extending through the span- 
drel girders and into the eoiuwte slab hold the spandrel girders 
laterally and make a rigid ('oiinectioii between tlie framework and the 
floor constru<’tion. Plate L. 

DIMENSIONING DRAWINGS 

» 

Base Lines. Hie ba^e lines for hori/onltd dimensions are the 
building lines of the structure. They are shown on the first-floor 
plan, Plate C. The building lines iiomiiudlv' n*prescnt the outside 
lines of the building walH. In reality tho arc often imaginary 
refereiic*e lines, for, on a<‘cuunt of the ottVts, parts of the w'all may 
extend beyond these lines and other parts be inside of them. For 
the class of buildings under coiiMdcratum, the huiUiing lines usually 
coincide with the lot lines. If they do not, then the lot lines should 
be shown and dimeusioruHl from the building lines. If the comers 
of the builiiing are not exactly right aiigh% the angles must be 
marked on the first-flcxir plan. The cuirdinal points of the compass 
should be marked with appr<ixiinate acc^uracy on the first-floor plan. 
One of these points is used as a reference in markinj^ one side of 
columns and one end of gmlcrs for convenien<’e in erc*<'ting; thus 
E on the face of a column, or N on the north end of a girder. 

^dpoltmui Centers. Having established the building lines, the 
next step is to dimension the column centers. Tlie simplest situar 
tbn is wrhen the building is rectangular and the columns are in 
rows in Ix>tli dfaectioos. Then two lines of dimenstons will 'suffice 
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to fix the location of all (*01011108, Plate D. Any Irregularity of 
spacing in any row requires a special line of dimensions in that row. 



Fig 2U7 DiMgxuin Hhowing Mctiuixl of DuiiooHioiniig Column r«nt(*rH in nu Irrt'guittr XiuildiDt 


With an irregularly shaped building, the dimensioning becomes 
more complicated. One building line should be adopted as a refer- 
ence line, taking the one to which the greatest number of column 
lines are jM'riicndicular and parallel. Then all columns should be 
located by dimension lines periiendicular and parallel to this refer- 
ence line, that is, by re« taiigular co-ordinates. The only diagonal 

dimen.sions needed are those along which, 
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or parallel to which, steel members are 
placed. 

In Fig. 207 , the reference line used 
is the south building line. The building 
lines in this case are probably lot lines. 
Tlxeir lengths and the angles are de- 
termined by a survey. The distance 
from the lot lines to the column centers 
is established at T-IO* on all sides. The 
spacing of columns 1 to t and the ar- 
rangement of the other columna are 1 |xed 


by architectural conditions. 


, Frorn the fotegoiiig dat|i all the required dimensions can be 
computed by trjgonometryr Firsts compute the distances from 
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column 7 to the comer of the building. From Fig. 208 it b apparent 
that these distances a b and n'b are equal to each otbi^ and equal to 
caXcot 41® 15'; then 

a 6 » a't « 22^ X 1 .140* 25^/ 

The distance between columns 9 and is 

20'4rxtan 19® 20'^*20'-(rx.3508«7'-0ft' 

In this manner all the dimensions can l>e computed. 

PnonLfiiM 

CJompule the distan<.H>H between columns whic^h arc lacking in Fig. 207. 

The column wnter dimensions should be re|H'ated on all the 
floor plans. If the floor framinjg plan is crowchnl, a separate diagram 
at small scale may be ploccHl on the drawing to display the (*olumn 
c'enter distances. 

Qirders and Joists. Girders and joists are dimensioned from 
the column centers. The dimension lines required are illustrated 
111 Figs. 201 and 202. Note in Kg. 2()l-b that there is no joist at 
(tilumn 23^ so the space is divided and the adjar^nt joists tie«l in 
the cfilumn. No dimensions are required for the lengths of joit^ts 
and girders other than those locating the centers of the columns 
ard beams to which they connect. The shop detailer computes 
the actual length.s of beams required. But if one end of a beam 
rests on a wall, one face of the wall and its ‘hickness must In; given. 

Such details as struts, mullions, platens for supporting brick- 
w’ork, etc., are also lo(?ate(l from column c»eriters, as illustrated on 
the floor plans. 

Vertical Dimensions. ^Iie vertical dimensions from floor to 
floor are given in a separate diagram or in connection wdth the 
cedumn schedule, Plate H. At the first flcK>r a reference is made to 
establi.shed sidewalk grade in t<*rmH of its elevatifui above datufti, 
Hate C. The elevations of lieams are given in reference to the fin- 
ished floor elevations, respectively. Usually the elevation of joists 
and girders can be covererl by a note, Plate F. Special cases can 
be given by figures alongside the lieams indicating the distance 
from the floor level to the top flange of the beam;thus—5J'' means 
that ihe top flange is 5) indies below the floor line. 

Qevatkms of Spandrel Beams* The elevations of spandrel 
beams can be lybown best on Ibe sections, where both the elevation 
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and the horizontal po^sition can he pvcn in relation to the other 
matcTials of A>nstru(‘tion thereabout, 'Plate L. 

Sninviary, The use of unne<»essary din\ensions and needless 
repetitif»ns may be a source of much inconvenience. It increases 
the probability of errors and causes extra work in checking. 

While structural steel <IrawirigH should he made reasonably 
a<*curate to scabs scaled dimensions must not be used in executing 
the work. 

The scales used in rraking drawings of structural stetd should 
be as follows: for framing plans, J iiH*h or \ inch; for .spandrel sec- 
tions, J inch or J inch; and for details showing all dimensions and 
rivet spacing, 1 inch or 1 \ iiudies. In each case the scale first given 
is prefernsl. The use of a number of different sc*ah‘s in the same 
set of drawings is ohjeclionuble. 
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PART V 


PROTECTION OF STEEL 

PROTECTION FROM RUST 

Rust, ^though steel is the strongest of building materials^ 
under unfavorable conditions it may be one of the least durable. Its 
great enemy is rust. Tlie corrosion or rusting of iron and steel is 
familiar to every one. It is a chemical change in which the metallic 
iron unites with oxj'gen an<l forms oxide of iron or rust. 

RUST FORMATION 

Theory. While rust is largely or wholly oxide of iron, it i# not 
produced directly by the contact of the iron with the oxygen of the 
air. The presenc^e of moisture seems es.s(*ntial to its formation. 
Much study has been given to the proc'ess of ru«;t formation, but the 
reactions have not yet been determined jKisitively. It is quite 
generally believed that electrolytic action i^^TUrs. This theory is 
well described by Houston Lowe in ^‘Paints for Steel Structures'' 
as follows:* 

“The electrolytic theory, which no doybt haa the Htrongent support, is 
baaed upon the recognized tendency of metals to go into soli it ton, even in pU^ 
water. The act is accompanied by the release of hydrogen (lositivoly charged 
Wttb electricity, leaving on the metal a corresponding charge of negative eleo- 
tndty. If oxygen is at hand to combine with th<* hydrogen, the electrical 
iennon la relieved in an infinitely amall current and new [xirtions of the metaJ 
paaa into solution; otherwiae the action is atrested by the non-conducting quality 
of the thin film of hydrogen. 

“The preaence of minute particles of suitid>1e impurities in or on the iron, 
whcMSOhiflonl^iilDOndii^^ the iron, or the presence of aeidain the water, 
faidSNiatea t||ia diadharge of the electric iemdon ai^ hence, the eontinuoua re> 
niovil df partides of iron. On the other Land, the ph^ce of alkalies, and afew 
cHwr gohataiUNHi that deereaae hydrogen ion ooneentratioii, will diminiah or 
•MO atop iron aolution and mating altogether. ^ 

in brief, ia the aubatanoe of the electrolytic theory of nudhig, ito 


wn«r A abM, ruMIflInn, New Yatk, 
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iiion* c(^tnplf^te f^planution of which would involve the details and language of 
Iho ionic theorj' of chemical liction. Corrosio# of iron, m the sense in which 
that term has been uwhI in this sec*! ion, has nothing whatever to do with elec- 
trolysis by stray ele<‘4rical cummts from outside sources. Tlie currents involved 
in TUMting un<l<^ the theory of electrolj'tic action are almost inhuitely short and 
minute, and ongiiiate in or on the metal itst'lf. 

“The theory is valuable to the f^ict.ent that it suggests it'asonable and 
Xmicticul rerrwHly of (he defects (Mther of the Tnet:il or its propos'd covering, or 
both. Ah in the trt*atini'rit of diseasc^d animal and j>huit tissues, so in this case, 
intelligent diagnosis must pn'c<*dc’ the application of prev ‘iitives of rust. Ex- 
perimental work following the lines of the cl< '*trolytic th«*ory m sec^king, first, 
to prf'veiit, or ‘inhibit' i-orrosion by a priming <?oat and, secondly, to <iuninish 
the iH'iietrati<m of wat«‘r bv suitable over<*oats, is promising good r<*sult^, and a 
final solution <if the j)robl<‘iu is confident I v looked tor. 

“The t<‘nden< y of rust to grow and 8])?eiui out from a eeriler IiSk iin odequat-c 
t^xplanatioii in the f*le<tr<ilvti<’ theorv'. This phenomeium is especially i>rT- 
iiKMous, as i1 rc'Mults in pitting or, undiv a paint coat, in a growth which finally 
fiakeH off the paint aii<l e\j>os<»H large aretia of the iron “ 

Degrees of Exposure. \ piece of sttH‘1 exi)osed to the air will 
ultimately ehangc entirely to oxide of iron (except as to the contents 
other than pure iron) i. c., it \^ill he entirely destroted by rusting. 
The rapidity of the change varies with the conditions of ex^Ksure. 
'^riie rusting will proceed very slov^ly if the steel is kept in dry air; 
less slowly if Huhje(‘te<l oeeasioiuilly to moist air; rapidly if exposed 
to moisture fN'quently; and \ery rapidly if exposed to moisture in 
the preseiu-e of sulphur or other arid fuiiu‘s. 

'fhe first condition prt'xails when steel is enclost^d in other 
nmterials of t‘(3nstruction, as columns and l)eams enclosed by plaster 
in partitions, and in flcnir <*c instruction, so that the moisture condi- 
tions change only slightl\% ''Fhe s€*cond condition applies when the 
steel is wdthiii the building, but luit encased in other materials, thus 
being exposed to varying degrees of moisture, as unprotected col- 
umns and Ixiams in storenioms. The third degnje of exposure 
fairly^ represents unprotected lieams in basements, vaults under 
sidewalks, ari<l steel w'ork out of doors. And the worst p>ossible 
exposure, that is, to moisture in the presence of acid fumes, is bad 
in smelters, and in stnictures* w'here the stt^el is subjected to the 
smoke from railroad Unnunotives. 

Rate of Rusting. Some studies have betm maile of the rate 
of corrpsion ipider different conditions. It is veiy evident that the. 
rate^ varm greatly wdth conditions of exposure. Experiments 
along line have not gone far enough to give txmdusive results* 
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i. c.^ deiinite figun^i^ as to tl)||tbicknes8 of tiiotal tliat will change to 
rust i.i a given time. But it is a matter of common knowledge that 
tlicre is enough rusting even uiuler the most favorable eonditions to 
make it iinportuv.t that ste<d be protirte^l. 

Effect of Composition of Metal. Hie coiniHisitioii of the 
metal has some effect on the i^ate of corroMon, StriK‘turul steel 
prc»hahly rusts more rapidly Ilian any other form or alloy of iron. 
C’ast iron rusts slowl;^ , probably due to the preseme, of graphite, 
which protects the iron. Wrought iron rusts more rapidly than 
cast iron and much less rapidly than stcrl. It is In'lieved that the' 
slag in \vrougjj|t iron protects the fila rs of iron from eKposure to the 
air and moisture. The presc^me manganese is supposed to acwl- 
crate corrosion, while cop]HT and other alloys retard it. 

KlTorts ha\e been made to produce rust-resisting metals by 
two method'.; by riiaking iron nearly pure, and by using an alloy 
of <‘opper. The resulting metals are not rustproof but show much 
slower rates of c<»rn)sjon than ordinary stci‘1. Both have 
coinincn ially su<c<‘ssful as applied to sheet steel, hut are not yet 
used for structural stci*! Pure iron is not suilabh* for structural 
purpost^s because of its lack of strength. It is quite ]>ossible that 
ail alloy of copjaT or other metal will be diw eloped for structural 
steel that will Iw* nearlv rustproof. 

PAINT 

Purpose* The usual nieans emplo^^ed to jirevimt corrosion is 
to exclude all air and iimisture from contact with the metal by a 
covering of paint. It is <lesiral'.le that The paint material be such 
as will inhibit the formation of rust, thus counteracting any imper- 
fections of the paint in extludiiig moisture. 

Qualities. .'^^Phe following qualities are desirable. 

(1) Adhesive, so that it w ill hold fast to the steel. 

(2) ?\oii-l»rou,s, Si) that it w ill exclude air ami moist ur<\ 

Elastic, so that it will not crack with changes in teiiipcra- 
tun% or with the dcfieclion of the steel. 

(4) Hard at all onlinary tcinpiTaturcs. 

(.1-) Non-volatilc, so that the oils ma\ not evrt|K>ratc and leave 
the inert matcrijila of the paint without a binder, 

' • (6) ' Not soluble in W'atcr. 

• *1(7) Not soluble in oil, ao that it will not soften when addi^^ 

> . ' . lional coats are api^ied. 
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( 8 ) Inhibitive, that is, of such mataBal as will prevent the diein> 
ical or electrolytic action of ru "ng. 

(9) Color may be important. 

Many of these qualities obviously are much more important 
on out-oWoor work than on ordinary building work. No paint* 
has all of thes»e de.sirable qualities, but by using different paints for 
the several coats, the ideal conditions may be approximated. Thus 
the first coat should be inhibitive and adhesive; and the second (or 
last coat, if more than two are used) should be non>porous and 
should provide the required wearing properties. » 

Composition. A paint is made of a liquid and ^solid, called, 
respectively, the “vehicle” and th# “pigment". 

Vehicle. The best vehicle for paint is linseed oil. It may be 
had as raw oil or boiltvl oil. The latter is used when quick drying 
is desired but the raw oil is bt>lievt*d to give better. results under 
most circumstances, and especially with red lead. The drying of 
paint is accelerated by the use of driers in the oil. A drier may l>e 
a volatile oil, as turpentine, which effects its purpose by rapidly 
evaporating after the paint is applied; or it may be a japan, which 
hastens the hardening of the oil and pigment. Turpentine being 
cheaper, it is more used than japans. The drier should not exceed 
8 per cent of the vehicle. 

Linseed oil varies greatly in quality even when pure, and is 
subject to adulterations w'hich are difficult to detect. Some paint 
makers claim, and probably justly so, that they improve the vehicle 
by adding other oils to the linseed oil; but in general any additions 
other than the drier must be considered adulterations. 

Pigments. Pigments commonly used for structural steel paints 
are red lead, iron oxide, graphite, and lampblack. 

Jled lead is the red oxide of lead, Pb, 0 ^, but the red lead of 
commerce contains a certain amount of litharge and metidlic lead. 
These elements cannot be entirely eliminated on a commercial basis, 
but jt is practicable to obtain a red lead which is 95 per cent pure 
and it should be so specified. 

When mixed with linseed oil, red lead hardens, much as oem^t 
when^mixed^with water, and forms a stroi^ tenadous 0 oatin|(. It 
oan be made into a Iwayy^paiiit, almost a paste, thus giving a heavy' . 
coat qp the steel, or it can be tiunned to a fight 6 MI; On 
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account of its weighty red kad is difficult to mix with oil. This is 
especially true when a lar JPproportion of lead is used. The maxi« 
mum proportion is 33 pounds of red lead to one gallon of raw linseed 
oih While this heavy mixture is desirable, it is expensive as to 
' labor and materials. more practicabjb proportion is 25 pounds 
of red lead to one gallon of oil; a still smaller weight of lead is often 
used and will invariably be used unless the pn>ix>rtions required 
are definitely specified, for there is no standard prac^tice to govern 
it. Red lead paint with a small proportion of red lend can be mixed 
by hand, but if the amount of lead is as much as 25 pounds, the 
mixing should be done in a churn, or ground into the oil at the paint 
factory. ^ 

On account of its weight and its settling qualities, it has not 
been practicable, heretofore, to keep red leetd paint for any length of 
time, as the lead settles to the bottom and hardens. The hanleniug 
quality sec*ms to be due largely to the litharge. Now that the lith- 
arge can be eliminated from the red lead, it is practicable to 
the ready-mixed paint for a much longer period. It can noW he 
obtained from the paint manufacturers ground into the oil, forming 
a thick paste, which can be thinned to the proper consistency by 
the a<^l(lition of oil w'hen it is to be used. The thinning can be 
gaged by the weight of the finished paint on the following basis: 

A w'eight of 24.43 pounds for the fini)|l)e ] paint ('orresponds to 
25 pounds of learl to one gallon of oil. 

A w^eight of 25.02 pounds corresponds to 2S pounds of lead to 
one gallon of oil. 

A Weight of 26.76 pounds corresponds to 30 pounds of lead to 
one gallon of oil. 

A weight of 27.10 pounds corresponds to 33 pounds of lead to 
one gallon of oil. (These values are taken from a circular issued by 
the National Lead Company.). 

A ready-mixed red lead paint can l>e ma<le by substituting for 
a part of the red lead some other pigment of inert material which 
will retard the settling, and harden. Lampblac;k, asbestine, and 
mica W mmetimes used for this purpose. Such paints usually 
eontaiQ less than 15 pounds of red lead per gallon of oil, and are 
much leas satbfactory than the red lead paste, 
i . Ifoti Qxidei eommercially available, varies greatly in weight and 
chmuctaristics. Some is taken direct from mines but most 
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of it Ls rnaimf^ctured* It does not have any cementing properties 
when mixed v ith lins<^*d oil so must^le held in place by the dl. 
'riic paint Mill last only as long as the oil binder remains intact 
'riie iron oxide does not inhibit corrosion V)ut under some circum- 
stances aeeelerates it, thjj^s lea<ling to the fonnatioa of patches of 
rust under the paint. 1 nder favorable eonditions it makes a goinl 
protective coating. Iron oxide is mixed with boiled linseed oil, 
using about S pounds of the pigment to one gallon of O'' 

The carbon ])aints, w hich include lampblack aiu” graphite, ha^e 
no cementing profierties when mixed witli oil. amount of 

pigment used is small <‘omi3ared with that used o red lead paint. 
It, therefor(‘, has much greutcT spreading power aiuJ*consequently 
makes a much thinner film. As it does not inhibit corrosion, its 
protccti\ e power <lep<'iuLs entirely on the oil, making it necessary to 
use several coats in order to get satisfactory results It makes a 
satisfactory second coat o\er red lt*ad. The carbon pigments, 
partieularly graphite, are subject to many adulterations. There are 
no standard proportions, ('urbon paints ran ))e made at the factory 
and will keep for an indefinite period. 

Prepared Paints, Many proprietary paints are offered for 
structural steel. Some ha\ much iiuTit, others none. They should 
not be used unless there are authentic reconls of suic*essful use. 

Painting Required. Structural steel in buildings is protected 
from moisture by being enclosed by' other inattnals. On the other 
hand, in most cases it cannot be repainteil. so the original painting 
is of great inip(»rtance. The writer re<*ominends painting it two 
coats, first red lead, second graphite or lampblack. If the steel is 
to be encased in concrete, tlie se(H>nd coUt may be omitted, the con- 
crete furnishing as much protection as the secHind coat of paint. 

Cleaning. The paint can have no mechanical bond to the 
steeUso must defumd on adhesion to holt! it in place. This makes it 
necessary that the surfaces be cleantxl before painting, removing all 
dirt, grease^ and mill scale. The cleaning is of utmost impor- 
tant; for if not done thoroughly, the paint will not adhere; and, 
rnsditgfhas alix^ady started, it may continue under the paint. It 
is not uncommon to find large patches of rust over which the pilhit 
reiini^ ^unlidft^ken. Tbis^is apt to occur when the surface is not 
deaned before reiminting. 
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The most effective wa^of cleaning steel is by means of the 
sand blast. This method Sr expensive and is not much used for 
steel work for buildings. It is used chiefly for cleaning old steel 
work^ especially bridges, for repainting. The usual means of cleaning 
Is by the use of the soraptT, chisel, and wire brush. This work can 
be well done with tliese toofs, if enough labor is expended ou it. 

Applying the Paint The paint is be^st applied with heavy 
round ^brushes. It must be spread evenly and cover the entire 
surface and be worked into all corneri and joints. ^Phe metal surfaces 
should tie warpi and free from moisture. In cold weather the paint 
should be w^anned. 

Surfaces in Contact. It is customary to spin ify that surfaa‘s 
which Will be in contact after assembling shall Iw painted before 
assembling. The desirability of tliis has been questioned on the 
basis that the paint is probably destroy cd by the heat from tin* 
rivets. Nevertheless, there is no evidence that snch painting does 
any harm and it is best to <lo it in ac^'ordance w ith usual practice 
Box sections, such as channel columns, should have two coats on 
the inner surfaces before ass<‘nibling. 

Cement as a Rust Preventive. Portland cement mortar and 
(Hmcrete are iJihibit<irs of rust and, if dense and in actual contact 
with the metal, pnividc the ne<H*ssary protect U)n against moisture. 
If applied to clean steel surfaces, no otlier ]>*otc(^tion is required. 
But the steel, if luit paintecl at the shop, usually wnll become badly 
pustecl lieforc it is encloses! in the building, making it desirable that 
the shop coat of paint lx* iwd. Then the coiuwte casing will 
make it unneci'Ssary to apply the second coat of paint. 


PROTECTION FROM FIRE 

l^ects of Heat on Steel. Ejtparmon. Heat applied to steel 
causes it to expand. Its coefficient of expansion is 0.(KXXK)G7 for 
one degree Fahrenheit, that is, for each increase of one degree in 
temperature a unit of length incrcaw^s by the amount of the coeffi- 
cient. Thus for an increase of 100 degrees in temperature, the 
^ ipereaee for each unit of length is 100x0,0000067 »0.00067; for a 
.leagth pf 18 feet, the total increase in length is 0.00067X18 » 
0.01206 feet, or 4^72 inches. 

m 
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lliere is a corresponding change m tlie opposite direction, if 
the temperature decreases. From this ^is dear that expansion and 
contraction due to changes in temperature occur in appreciable 
amount. The longer the member, or series of members, the greata:* 
the change in length. Wi^in buildings, the change in temperature 
ordinarily is not enough to cause trouble,* but if the steel is exposed 
to fire, it might expand enough to push a wall out of place even 
though not heated enough to affec-t its strength. Cases have ocourrcd 
where w^alls have been seriouslji displaced by ordinary changes of 
temperature, Ixjcause the expansion of the steel pushed the wall 
outward, whereas the succeeding contraction did not pull it back; 
then the next expansion pushed it further out, and thus by succes- 
sive movements the wall w^as pushed farther and farther out of place. 

Lohs of Strength- Kxp<‘riments indicate that steel can l>e heated 
to a temperature of about 600 degrees P'uhn'nheit before it begins 
to lose strength. At higher temperatures, it loses strength rapidly 
and will fail of its own w^eight at a temperature of about 1500 de- 
grees. Steel melts at 2500 degrees (approx.). " 

Intensity of Heat in a Fire. The intensity of heat developed 
in a fire varies greatly according to conditions^^ Many e^ses are 
recorded showing steel bent into a tangled mass from the burning 
of a building, indicating temix?raturc3 of 1500 degrees or more. 
Such temperatures can be produced by burning the wood framework 
of an ordinary building, or even the contents of a fireproof building. 

Protective Methods. Unprotected steel yields verj^ quickly in 
a fire, much more quickly than wood beams of the same strength. 
It is dangerous and inexcusable to use structural steel in « building 
without providing for its safety. Steel is protected from fire by 
encasing it in a fireproof material. Almost any material encasing 
steel^will protect it to some extent. Even a tight easing of wood 
will protect it for a little while in a fire. Ordinary plaster on wood 
lath will protect it only until the fire gets through the plaster, after 
whidi} the burning of the lath aids in the destruction of the steel. 
Cement plaster on metal lath is efficient only to a limited degree, 
and while it is an incombustible material, it is not fiieprocrf within 
the meaning of that term as used in building oonatriictkm. 

Mi$u$0 if the Term jfkiteproof. Many buildings are called fire- 
prtx>f ^en the protection of the sted is nothing more thimdcMtlbed 
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above. Ineitanoes can be cited of hotels advertised as fireinoof with 
sted beuns placed wnong w<Sod joists with no protection whatever. 

Amoimt qf Prote<iion Depend* on Condiiums. A building may 
be made entirely of incombustible material and still not be fireproof, 
4f the steel is not encased to protect it from the contents ot the 



BKtcft j^nc/fCONSTTtt/erfON 
Fig, 200. Brink and Concivt« Aroh Conat ruction Sbowlng Partial 
^ ProUiriion for I-Bcama 


buildinj 2 :. Fig, 209 illustrates a form of construction of this sort 
which was much used a number of years ago. The brick arches 
and the concrete filling protect the beam except on the l>ottom 
flange^ which is left exposed to fire from the burning of the contents 
of the room below. Fig. 210 is a similar form of construction in 
which a corrugated-steel arch replaces the brick arch. This partial 
protec‘tion is of some value, but it is so easy under present methinds 
to get complete protection that these forms are no longer used. 

On the other Imnd, a building having no cfimbustible material 



CCPRU<fAT£D IPOh COnSTPUCTfOn 

Fig 210. Corrugsted Iron und Conrrew Arch Comltiiclion Showing 
liuiufficiont ProUtclion for I-Bennig 


in its constraction or contents, and having no external hazard, neetl 
not have its steel framework fireproofed. A foundry building or a 
machine shop may be such a case. 

Standard Specifications. Steel to be really fireproofefi must be 
entirdy encased in a fireproof material. The material must be 
sudi that it will conduct heat very slowly and that it will maintain 
its mtegrity when subjected to a fire of the greatest instensity and 
longest duration likdy to occur, and whon subjected to a stream of 
wat» from a fire hose while at its maximum' beat. 

The “Standard Test for Fireproof ¥1oor Construction” adopted 
hy the Ammcan Sodety for Tmting Matonals* requires: 

~ ^AiM.i«nSMi.t9rlorTMing MMwfaJ*. Edftt Mubofg, SMnUrjr, Uiu.mi(y of 


m 
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"Vo j>lH8tiTiiiK Hluill |8‘ appliH to ih«‘ «>f tbo floor ronii)t.nirt3oijt 

imdiT l<'«t , 

""I'lx* fl<K»r whall for four hoiirH to lhc‘ OontinuouH boat of H flro 

of an avi*raf;«‘ ral nro of tK>t tfmn 17(K)® I y the* fiw‘l Ik^ok HthrT 

w<kk 1 or HO inlnxiucrMl as lo niiiso an ovt*n distTit>iif ion of bc*a.1 throupchoiii 
lln* Htnn turf 

“'riif heat obtauifil sliall Im‘ nii'anuns] l>y moans i>f Htandard pyi oinetorB^ 
undfr thf dins'tion of an < KiHTU’ncfd |8*rsoii Tho (ym* of pyri>in<*tfr is imnmtor- 
lal so loni; as its acfiiracv is srcuKsl by piup* r standardi/at ion Tho boat 
sbouM Im* ru'Msur<sl u1 not l»*^s ilnm two ])onits \\!irn llio inuin floor spun is not 
Tiioro than It) fM‘t and orn* ad<lifional fswiit when it cxeiesls 10 f<s't TfiniXTa- 
tine* rfjulinii^s at farh point ar*> te^lilbe' takon v\tr\ thr^f nnrmtfs The bfut 
eh t< nil mat ion shall Is* niaele' at jxnnts diriftK ls*n<*ath tl»o tlenir so as to MfsMin* 
a f ,’r a\ e-rai'e* 

“At Die* e rill e»l Hie* lu'al li'sf a s1i4*ain e») waler slrall be*"iiv<*lt'tl aii^iunst tin* 
uiule'r^nh* of tin* tUmi, dise Ipirue <1 tfiie>in*fi a J t-mch ne^/yk*. la in^ h<‘ld at niein* 
th.in .’ihe't fioin llic tinriii dm inii; tlie appheation of ihe* write*!* “ 

Miitcrial whidi will withstand this t(‘st is siiitahle for firoproofin^t 
sti'ol i-i a > part of a hnil<lii«;r 

Firepreof Materials. Cinder (^onrrviv. (hiidtT ooiuTtde has 
Ikhmi used oxtetisivdv for fin'proofin^ but it is not altofft^ther sntis- 
fartory. It i.s iliflicult to p‘t cinders from iinburncd <‘oal, 
ashes, and refuse. Sulphur in the cindtTs causes rusting of the 
stt*el. Its Use is not warranted on first-elass w oth. 

Portland (U'nierii Convrde. Fortlaml e(‘nient concrete, made 
of cnisliecJ stone or ^ra\el, is an excellent fireproofirg inateriaL It 
has the necessary resistance to fire and water, pre\eiits rusting of 
tlie steel, and in many situfUSons acids to the strengtli of the steel 
incml>*T. If its surfaee is k*ft rough or is roughened after the 
forms are removed, plaster will stick to it. 

When subjected to u fire, the <*oTuTete is damagcHl. The depth 
of the injury max be as min-h as j J inches, clejiending on the qiialit^x' 
of the ('micreti' and the kind of stone used in it. Tlic Initter the 
conAeU', the less it is injured by the heat. Heat calcines limestone 
and disintc'grates granite, so that these stones are not as suitable 
for fireproofing purposes as hard sarulstones, trap, an<l other stones 
not ^ easily affected l>y lieat. An excellent concrete for fireproc^iil? 
can be made from crushed tile and brick. On buildings wrhere tik' 
is used for fl(X)r arches aiul partitions, tlie broken pieces can l>e 
crushefl and* used for fireproofing the columns and any other mem^ 
tiers not protected by tlft tUe floor arches. 


.m 
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Concrete which has been damages! by fire does not lose its 
property of non-t'ondnetivity, conseqtientl^\ it is efficient as firt^ 
proofing so long as it remains in place; although it has lost its 
strength, it usually will reiuaiii in place until rt‘ino\c*d by some me- 
’ chanieal meafis, as the aiiplicatiou of a stream of water. After a 
fire, the damagcM] concrete must l>e removed and replaced. 

Concrete is plac'od around steed by building forms around the 
members and pemring <‘oiuTctc into them, Klg. 21 1. Wire mesh or 
expanded ipetal should l)e attaehc|J to the bottom flanges of lu^anis 
and VfTappc'd around columns to provide a mechuiucal bond for the 
concrete so that it w ill not fall otV during or [iftcr a lire. 



Flit 211 un<l Column Nh tioim Show irii;( otirn^li Vin pioofiriK 


Hollow Tile. Hollow tile U molded from clay and baked at a 
high tcmi^c'rature. The clay usc-d must hv surli that it will not 
warp, or fuse in the kiln. It is desirable that the tile be porous and 
toii^h rather than dense and brittle. The tile is made porous by 
mixing sawdust vvith the <*lay. This burns out duniig the baking, 
leaving voids and producing the desired [Kirosity. Dense* tile and 
tile W'hich is glazed is likely to shatter, if exposed to a stre^am of 
water when hot, thus making it useless for fire protcKion; further- 
more, plaster does not adhere to it as well as to porous tile. 

The tile is made hollow to save w^eight, and to provide air 
spaces which are insulators against both heat and moisture. 

Tills material is molded into a great variety of shapes to suit 
the various requirements of the steel memlxjrs to be proteclwl. 
Certidn shapes are practically standarvl; special shapes can he ha<l 
only when required in large quantity. 

• Figs. 212, 21t3, 214, and 215 show a number of illustrations pf 
fireproofing of joists, girders, spandrels, and columns, liie 
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joists are usually fireproofed by the skewbacks of the flgor arches. 
On other members the tile serves only for fireproofing and f^ fiimish- 

_p 

□□ 



Fig 212 tluxi of rirciinKifitiLg Jotstii ib Cuuncotion with Flat Tibs Floor Arch , 

ing a surface for plastering. It can be used frir fireproofing steel 
ineinl)er.s in almost any situation. 

Tile is set in mortar in the same manner as bricks are laid. 
Any space between the tile and the steel should be filled with Port- 



F&g. 213. 8e < ti oaji Showing Mvthod of FlnpronAng Bimini 

land oement^mortar. A heavy layer of mortar shotild be plastered 
on tbe weba of beams b^feiie setting skewbacks or odier tiles ageinst 

.910 
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Fireproofing tile must be designed to be securely supported by 
the steel. Steel dips or wire must be used in some situations. 
Thus the cdumn casing should be held in place by copper wire 
bands unless it is securely held by interlocking of the tile. Soffit 
tile on joists and girders require metal dips or woven wire fabric to 
hohl them i|| place even though they appear to have support from 
sluK* tile or other adjacent members. ♦ 

Tile has considerable .strength in coinprc'ssion and may be so 
used, but should not lie subjected to other stresses. 

Uru-k. Brick masonrj' is an excellent fireproofing material so 
far as its resistance to heat is csuietTned. However^Wt is not easily 



Fik 215 StM tkiuH^oviing Mcihotl of Hit iircHifinf; Coluiutifi with Tilo unti CoDcmte 


supportc'd and, therefore, is not generaRy available for this purpo.se 
on beams, but in some cases it can l)e used to good advantage for 
encasing columns. * 

Selection of Fireproofing. Portlaml cement concrete and hollow ‘ 
tile are the ma^rials l>e.st suiteil for fireproofing. Both ate efficient 
fur this purpose. The choic*e between them is usually goveraed 
by other eonsi<leratious, chief of which is the tjTJe of floor construc- 
tion, which in tbrn may be determined by cost or some other con- 
sideration. If the floor is to be of reinforced concrete, concrete will 
be tLsed for fireproofing the steel framework. If the floor is to be of 
tile arch construction, that material will be u.se<l for fireproofing; 
but evdi in this case concrete can be use<l advantageoudy for the 
columns. 

Thickness of Fireproofing. The thickness of the eov«ing 
required to furnish the desired protection varies with the situatiiOin 
and the importance of the membo*. Columiu being trital to the. 
support of the building arif'given the most protection. Lintels nod 
Ispabdr# girders sfc subject to severe exposure and ate g^vplt about 


STBEL%)KSTRUCTION 


m 

tbe suae protectioa as eoluilns. Joists and i^r^ers are loeal mem** ^ 
beta and not so heavily fireproofed. The top flanges of beuns and 
gtrders do not need as mudh protection as the bottom flanges. 

4 The requirements in Chicago are:'*' 

^ Columns— Exterior, (a) All ircm or steel used ai vertical supporting 

, mombenof tbeextmial eonstruotion of any buildieg cxootHling fifty feet in height 
shall be pro^ted against the effects of external change of temperature and of 
fire by a coming of fireproof material consisting of at least four inches of brick, 
hollow tenra cotta, concrete, burnt day tiles, or of a combination of any two of 
these materials, provided that their combined thickness is not kuss than four 
inches. The distance of the extreme projection of the metal, where such metal 
projects beyond the face of the column, shall be not less than two inches from the 
face of the fireproofing; provided, that the inner side of exterior columns shall be^ 
fireproofed as hereafter required for interior columns. 

(b) Where stone or other incombustible material not of 'the type defined 
in this ordinance as fireproof material is used for the exterior facing of a buildiiif , 
the distance between the back of the facing and the extreme projection of tbo 
metal of the column proper shall be at least two inches, and the intervening 
space shall be filled with one of the fireproof materials. 

(c) In all cases, the brick, burnt clay, tile, or terra cotta, if used as a fin*- 
proof covering, shall be bedded in cement mortar close up to the iron or sb'< 1 
members, and all joints shall be made full and solid. 

Columns — Interior, (a) Covering of interior columns shall consist of 
one or more of the fireproof materials herein described, jg, 

(b) If such covering is of brick it shall be not less than four inches thick; 
if of concrete, not less than three inches thick; if of burnt clay tile, such covering 
idiall be in two consecutive layers, each not less than two inch<^ thick, each 
having one air space of not less than one-half inch, apd In no such burnt clay t3o 
shaH the burnt clay be less than five-ei^ths of an inch ihick; or if of porous clay 
solid tiles, it shall consist of at least two consecutive layers, each not less than 
two inches thick; or if constituted of a combination of any two of these materials, 
cme4ia)l of the total thickness required for each^f the mat-tTmls shall bo applied, 
prowided that if concrete is used far such layer it shall not be less than two Inches 
rikick. 

(c) In the case of columns having an shaped cross section or of 
columns having afiy other cross section with channels or chasi^s open from base 
{dates to cap plates on one or more sides of the columns, then the thickness of 
the fireproof ixwering may be reduced to two and one-half inches, measuring 
in the diroction in which the flange or flanges project, and provided that the 
tbka edge in the projecting flange or arms of the cross Hections does not exceed 

of an inch in thickness. The thickness of the flieproof covering 
on dB thrse-quarteni of an inch wide and measur** 

to M direction petpeadiciilar to such surfaces shdil be not less than that 
lor foteiior ooluimis in the beginning of this section, and $$ spaces, 
^annsto or diasee between tha fireproof covering apd the metal of 
be fitod solid with fireproof material. Lattice cor other open 
OQSiiidrieiy fitMd wHIi iqppioved oein^t txmerete. 

0 tiw Ghr ClUiNiWi^ai Miadtta so, tail. 
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Columns — Wiring Clay Tile On. (a) Burnt clay tile cotumit cowbig 
diall be aerured by winding wire around the ooillDnB after the tile has all be^ 
aet around such columns* The wire shall be sociuely wound around tile in such 
manner that every tile is crossed at least once by a wire. If iron or steel wireis 
used it shall be galvanised and no wire used shall be less than number twelve 

gag,*. **♦♦♦••• 

Pipes Enclosed by Covering, (a) Pipes shall not be encloBcd in the hre- 
pnKjfing of columns or in the fireproc^fing of other structural members of any 
firt'proof building; provided, however, gas or electric light csonduits nJl^exceeding 
one in<*h diameter may be inserted in the outer throe-fourths inch of t]ie firc^ 
proofing of such structural member, where such fireproofing is entirely composed 
of concrete. 

(b) PipciS or conduits -may rest upon the tops of the steel floor beams or 
girders, provided they are imbedded in cindcT ooncrete to which slaked lime 
equal 1o five pir cent of the volume of concrete has Ix-en added before mixing 
H>T tlicir being inibccldcd in stone conerele. 

Spandrel Beams, Girders, Lintels. The metal of the ext4*nor side of the 
spandnl beams or spaiidn^ girders of exterior walls, or lintels of extenor walls, 
which support a part of exterior walls, shall be (‘oveTe<l in the same manner, and 
with the same malerinl as siiecificnl for the extenor columns in this chaptcT, 
provuUxi, liowwiT, tliat shelf angles connected to girders by brackets or pro* 
jfH'lions of girder flanges not figured as port of the flange? section may come 
within t wo inches of the /aw of the bngk or other covering of such' 8)>andr(?l 
bimiiis, ginlers, or lintels. The co%’enng thickness shall be measured from the 
extnune projection of tnc metal in every aise. 

Beams, Girders and Trusses — Coverings of. (a) Tlie metal bearosi 
girders, and trusses of the intenor structural ports of a building shall be covered 
by one of the firepniof materials hereinln/ore 8|)ocified, so applied as to be sup- 
porti'd entirely by the beam or girder protected, and shall be held in place by 
the support of the flanges of sucli beams or girders and by the cemejit mortar 
uwxl in setting. 

(b) If the covering is of brick, it shall l>e not h?8S than four inches thick; 
if of hollow tiles or if of solid {loroiis tiles or if of terra cotta, such tUfis shall be 
not less than two inches thick, applifnl to the metal in a bed of cement mortar; 
hollow tilt's shall be constructed in such a manner that there shall be emo air 
S])atH} of at least three-fourths of an inch by the width of the metal suiface to be 
covered within such clay covennga; the minimum thictoess of oonorete on the 
bottom gttd sides of metal shall bo two inches. 

(c) The top of all beams, girders, and trusses riiall be protected with not 
less thsBi two inches of concrete or one inch of burnt clay b^ded solid on the 
inetid in cements' mortar. 

In all oases of beams, girden, or truasgs, in mds or toam^ tto pro- 
tection of the bottom flanges of tbe beams and girdeni and as mudi <sd tins web 
of the sai]||||^ai( b not covered by^the arches shall be mide asheieinbefoee specified 
for the soverifig ^beams and girders. In every case tbe tMckneb of tbpooi^ 
^ >itig sliatt be mca^&ed from the extreme projeotioii of the metal, and the entiim 
^ apaeeor between USb txrNHflg and the metal sh^ be fitted solid vdw 
||l tho finjproof maiertals, eacfoepitiiig the air spaces in hoSow 
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{v) Provkk^d, bowew^r, tb«t all girdm or trusm when supporting loatle 
from more than one story ahJi be firepror>fed with two thickneeree of 
mateiial or a oonoytrination of two fireproof mateiiala as required for exterior 
ecdtmms, and eadi oovering of fireproof material shatt bebixldedscdklinceiiieat 
mortar. 

Fireproofing of Exterior Sides of Mulllons. In buildings required by this 
chapter to be of fireproof construction on expoHumo where metal framesi <locn«» 
!Uksh| and wire glass are not required, all vertical door or window mulHons over 
eif^t inchlh wide shall be faced with inoombustible material, and horisontal 
transom bars over six inches wide shall be faced with a fireproof or with an incom- 
bustible material. 

Iron or Steel Plates for Support of Wall. Where iron or steid plates or 
angles arf^ used in each ntory for the supjiort of the facings of the aralls of such 
story, such plates or angles shall be of sufficient strength to carry the weight 
within the limits of fiber stress for iron and steel elsewhere spedfiM in this 
chapter of the enveloping material for such story, and such plates or angles ma/ 
extend to within two inches of the extenor of such covering. 


SPECIFICATIONS 

Purpose. The purpose of speciiicBtions is to give a detailed 
description of such features of the work as can thus be given more 
clearly or be more easily defined than on drawings. They must 
c»||^rate with and supplement the drawings, hut should not repeat 
the data given on the drawings, for every repetition is an added 
opportunity for conflict or error. 

In addition to the technical requirements referred to above, 
the^spedfications usually include certain items more related to the 
budness transaction between the purchaser and the contractor. 

The specificatlbns prepared by the designer are to be used for 
the giudance of the contractor in estimating the value of the work, 
of the mill in rolling the steel, of the engineer in preparing working 
dramngs, and of the fabricating shop in manufacturing the material. 
These purposes riiould be kept in mind in writing specifications. 

The iriation of the specifications to the contract should be 
eieariy understood. In all cases the spedfications Aiould be made 
a |Mrt of the craitract and they are th^ just as binding as if written 
into the Qontract This imheates the importuoce of having them 
eorteetily wtkten. far as practicable, items in the specifications 
ihoidd Dirt be itqMMted fn the contract and, on the ogfw hand, items 
wtueh bdhmg In the oomtimct ifimuld not be Ih ttim spedficatkms^ 
fo# such repetiti^ lead to cdnflictmg ee amNguous proyirions. ^ 


■m- 
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GENERAL CHARACTERISTICS 


A number of proposed standard spedficatbns for structural 
steel have been published. Usually their purpose b more for the 
guidance of the designer than of the contractor. Some of tiiem 
cover both purposes quite fully. Such a one is “Revised General 
Specifications for Structural Work for Buildings” by C. C. Schneider, 
M. Am. Soc., C. E., published in the Transartiona qf th0Ameriean 
Society of Citil Engineers, Vol. LIV, page 490. Thb b referred to 
as Schneider's Specifications. It can be used in whole or in part 
in making up specifications for a particular work. It is published 
and for sale by the Engineering News Publishing Company, so that 
copies are readily available. Consequently, in using the specific 
cations, the parts desired need not be copied but can be referred to 
by subject and paragraph number. Considerable portions are 
quoted in the specifications given later. 

When such general specifications are used, they must be supple- 
mented to provide for tlie special requirements of the work and for 
the business features before mentioned. 

Outline for Specifications. Complete specifications should 
include the following subjects: 


Instrurtions to Buiders 
General (Conditions 
Scope of W'ork 
Ixwds 

Unit Stresses 


Quality of Materials 
Details of Construction 
Workmanship 
Painting 
Inspection 
Erection * 


Instructions to Bidders. This b entirely a business feature and 
mayjw made a separate document from the specifications. But if 
so, if |hould accompany the specifications whidi are sent to bidders. 
As the instructions may contain items whidh might bto;^ affect the 
interpretation*of the contract, it b best that they be included in 
the s^edfications and thus, automatically, become a part ci tim 
contract. ** 

71^ ipstructimis giib the time and jdace for submitting l^, 
the pripe basb, and any other directions pertinent to the one in 
hand. jEMdden may lmr§{(^red to state the length ifftinmjeqwR^ 

^ .^y the^. if thb wUl be a pontideration in letting the coatMiet. 
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3tneral CondiHon*. The general conditions have no very 
dkeet relaticm to the technical requirements but are more dksarly 
buaneas features. They cover such items as bonds, liability insuiv 
anoe, watchman service, etc. 

Scope of Work. TTiis section of the specifications is devoted to 
the particular work under consideration and should be most care- 
fully stated, for it governs the amounts of material and service to 
be fumisbed. The paragraphs should cover the following items: 

(a) Describe definitely the work included. If-separate draw- ^ 
ings are made for the structural steel and show completely all the 
material to be furnished, the work may be so described. But if 
the structural steel is shoam on drawings with other materials, 
particularly ornamental or miscellaneous iron, then the description 
must be given in sufficient detail to make it perfectly clear. It mxist 
be understood tlmt the term “structural steel” is not definite enough 
to be used without such a description as requiretl above, for struc- 
tural shapes may be used in stair construction, for furring, for win- 
dow frames, and in other situations, when it is desirable that such 
items be furnished by other contractors. Cast-iron pedestals for 
sted columns and cast-ifon columns, if used, are usually Included in 
the contact with the structural steel. 

(b) Identify the drawings involved cumbers and dates. 

(c) State the place of delivery if erc<!!tion is not included, and 
specify by whom transportation charges are to be paid. 

(d) Give requirements as to working drawings. 

Loade. It is desirable that the loiftls used in making the design 
be given in the specifications or marked on the drawings. The 
letter meUiod is pn;ferable for special loads, such as machinery, 
tanhs, storage space, etc. This information is needed in cm^iing 
oonnections, stiffeners, etc. It is not sufficient to say th^ con- 
nections shall develop the full strength of the member, for there may 
be situations when a concentrated load near the end of a beam may 
t fstoducB • stre» at the connection greatn than would be produced 
^ a UEuifertoly distributed load. 

Unit Sfreeeee. The unit stresses cotrtlfcm the design of the 
structlrral stori more than they do tiie manufacture aild construction 
it, IlcHVever, are needed in maldng the worldng drawit^ 
■'|i^]iihmdd iududed i^ 'Those given m Sdlmdh 
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der’a Spc‘cifications should Ih? used unless Iwal building Ofdinances 
require other values*. 

Qtuility of Material, The quality of material to be used is dis^ 
cussed at length on p. 42. The sf)eeifications of the American 
Society for Testing Materials are recommended for general use. 
They need not be written into the spet‘ifications, it being sufficient 
to state that the steel shall comply with the ^^Standa^d Specifications 
for Structural Steel for Buildings”, adopted by the American Society 
for Testing Materials. Similarly, the quality of oa.st iron may be 
specified. 

In this section the kind and quality of paint Should be given. 

Detrnls of CovMnietiort. This section of the specifications is 
concerned with such items as connections, rivet spacing, etc. It is 
chiefly to guide the engineers and draftsmen in making working 
drawings. Design drawings should be consistent with its provisions. 

Schneider’s Specifications are recommended for this portion of 
the s|>ecificatioiis. They may be used by reference, saying that the 
details of construction should conform to Schneider’s Specifications 
in far as they apply to this work; or the spt'cific paragAphs which 
do apply may be referred to by number. ^ 

Worlcmamhiit The sfK‘<*ifications for w orkmanship govern the 
ojierations in the shop. Schneider’s Sfiecifications are recom- 
mended and may be used the same as for construction details. 

Painting, This is well covert^l by Schneider’s Specifications, 
which may be used without modification unless some special pro- 
vision is to be inserted. 

Injriwrtion and Tcsiii, Schneider’s Specifications are used for 
this part of the work w ithout change. 

t eciian. The siiecifications for ejection must deal with the 
job. How’cver, some of its pro\ Lsions are general* 

The conditions at the site, the relations to the other parts of the 
structure, order of procedure, storage ^available, etc,, etc., must be 
writtea to suit each case* If the contract for erection is separate 
from the contract for furnishing the steel, the divisimi between 
them must be riearlylHefined. This division is usually made 
at the place where the material is delivered on board cars* 

^ Quality of workmauflldp of ereettop appdies generally to ifi 
St^tiipes. 
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EXAMPLE OF SPECIFICATIONS 

Tlie Idlowing specifications %ccord with the preceding discus* 
dons and may be used as a guide in writing sperifications tmr a par* 
* ricdar structure. 

SPECIFICATIONS 
for tile 

Structural Steel and Iron 
for a 

(Kind of Building) 
for 

(Owiier) 

Instructions to Bidders. Bids will be received for the stnic- 
tural steel i^nd iron work required for (kind of building) located at 
Street, in the City of 


^ for the.... (owner) 

in accordance with' the following specifications and the plans des* 
cribed therdn. * ^ 

Bids must be filed at the office of 

Architect, on or before noon, 19 — 


Bidders shall state a lump sum which shall include furnishing, 
delivering, and erecting the structural steel and iron work and shall 
also include the cost of the bond, insurance, and watch service as 
required under general conditions. 

OMeral Conditions. 

Ovmtfghip, The bufiding is known as the Build* 

htgaod is owned by the. — [a partnmhip (or 

ooipmaticm) ezisring under the laws of the Stnte of 1 

X/Mtiok, It is located at ' 

l^sie0tiii.the C3ty of- — on ms... (pve 

icfaldesedption). * 

^ Bond, Tho ^tractor riiajl fumirii sordy bond in the penil' 
suni,^ Phe*}Mlf ibe omtnw^price, guaraoteeingthe futfiOment, of 
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the terms of the contract. Said' bond shall be in terms and trith, 
surety satisfactory to the Architect. 

Liability Irmtrdruse. The contractor shall protect the owner 
against loss due to any damage to property or injury to persona 
which may result from his operations. He shall provide adequate 
liability insurance in a company approved by the Architect. 

Patented Jriiclee. The contractor shall protect the owner 
against any claim arising out of the use of any patented article, 
appliance, or method. 

Protection. The contractor shall provide such barricades, 
scaffolding, staging, and other means of protection as may be re- 
quired to comply with the state and municipal laws and to ade- 
quately safeguard property and persons. 

Watchmen. The contractor shall keep competent watchmen on 
the building day and night. 

Scope. [Give a general description similar to the following: 
The building is designed for office purposes with stores on the first 
and second floors. It is twenty stories high above street levd with 
a basement and sub-basement l)eIow street level. The ground area 
occupied is approximately 100 feet by 162 feet.] 

Work Covered. The work to be done xmder the spedfications is 
the funiishing and the erecting of the structural steel and iron work. 
The contractor shall make the working drawings, furnish and fabri- 
cate the material, pay all transportation charges, assemble the 
material in jfiace in the building, rivet the connecticHis, and fumirii 
the materials and labor for shop and field pidnting. 

Materials Inclttded. The structural steel and iron Woric 
co of the following items: (To be dianged to suit tiws 
cai 

Grillage Beams and Girders 
Gast-Iron Pedestals 

I-Beam Reinforcement m Retaining Walb ^ 

Structural Steel Framework 
Cast-Iron Columns 
I>etached(kinte]s 
Comice Brackfita 
Rqo&igTees 
Sted Chimney^.. 

All ihiiior iwrtsbdonpng to the a^ve Hmus 
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It 'indudcs all the material of the above character dbovm in. the 
atmctural plans of tlie building and, in addition, it indwieB die 
deta^’bed ,Kntels over exterior windows which are diown on tk| 
architectural plans. 

MeAerials N<A Indvdei. Ihe structural steel and iron work 
(to be changed to suit the case) does not include the angles, chiuinels,' 
and hangers the suspended ceiling over the top story, the devator 
sheave beams, the beams and channels for the»stairs other than those 
shown on the framing plans, the marquise framing, the steel column 
guards and door guards in the shipping n)o&i, and other like items 
shown on the architectural plans. It does not include the rods for 
reinforced concrete work shown on the structural plans except cer- 
tain items which are definitely marked on the drawings to be fur- 
nished with the structural sted. 

Plans. The structi|ral plans consist of drawings prepared by 

4. Structural Engineer for 

Architect, as follows: 

(Give list of drawings) , 


The ardiitectural plans prepared by 

Architect, which show structural 8tt*el and iron work not given on 

the structural plans are drawings No 

While making the working drawings, j!ie contractor shall con- 
sult all architectural drawings which may be supplied to him, for 
rile purpose of discovering disdrepancies, making necessary allow- 
ances for clearance, providing conniptions and supports for other 
materids, etc. 

When provision must be made for attaching other mqtc^ls to 
the structural steel work, the contractor shall furnish th^holes 
required. If the necessary data are not given on the structural or 
architectural drawings, he shall apply to the Architect for the data 
befi»e comfdeting the working drawi^l^ This applies particularly 
to atone, ten'a cotta, concrete, itiisoa^Deous iron, ornamental iron, 
furring tinmd and stedl), pipes, and conduits. 

Drawinffa. The cmitrsctor is required to prepare 
wc^Qg dnmmgB to supcdement the design drawings prepared hy 
the JS^llheer and. the Ardiiteet Two copies oi such diawbgs jdndl 
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be submitted to the Architect for approval. After approval^ three 
copies shall be furnished to the Architect for his files, and as many 
^copies as may be required shall be furnished to the inspector and to 
other trades. 

Copies or prints of drawings issue<l before approval shall be 
marked “Not Approved” and those issued after approval shall be 
marked “Approved Drawing.” During the preparation of the 
working drawings, the (contractor shall examine the design drawings 
carefully for omissions and errors, and when such omissions and 
errors are discovered, he shall submit them to the Architect for 
correction. Figure<l dimensions only shall be used. 

If the contractor does not have a force of engineers competent 
to prepare working drawings to the satisfaction of the Architect, he 
shall employ a consulting engineer for that purpose. 

Working drawings sliall be ar^ompaped by erection diagrams 
and a complete index giving marking numbers of the material and 
page or sheet numl>ers of the drawings. 

jij>j)rotal of Working Drainngs, If the working drawings are 
found to be consistent with the design drawings and these specifica- 
tions, and if the details showm on them are satisfactory, they will be 
approved. One copy so marked will be returned to the contractor. 
If not consistent and satisfactory as above, one copy will be marked 
to indicate the required changes and returned to the (contractor, 
who shall then make the required changes, and if so ordered, shall 
submit copies of revised drawings for final approval. 

The Architect’s approval will cover the arrangement of the 
principal members and auxiliary" members, and the strength of con- 
nections. At the same time an effort will be made to discover any 
erro|ain.8izes of material, in general dimensions, and in detail dimen- 
sion^but the responsibility for these items shall remain with the 
contractor. 

The manufacturing of any material or the performing of any 
work before approval of working drawings will be entirely at the 
ridk of the contractor. * 

Trunsportaixm. Hie ^ntractor shall pay all costs of transpoiy 
tatkm of matorial from his shop to the building site and^dioB atouine 
all risk of loss and damage in transit. 

Loads* The strueUuraLiObeel and iron work is deri^g;iied;toa^ 
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port the estimated dead loads and the assumed live loads* lu 
making the working drawings, the contractor shall demgn all con* 
nectioDs to carry the same loads. ^ 

The dead loads are the actual weights of all materials of oo^ 
struction in the positions which they occupy, except that the effect 
of movable partitions may be assumed to be equivalent to a uni- 
formly distributed load of 25 pounds per square foot of fliK>r on all 
office floors* On other floors and along corridors, the partitions 
shall be provided for where they occur. 

The live loads for which this structure is designed are: 

(Subject to change) 

UcK>f 60 Ib. per sq. ft. 

Offic'e flcK)r 50 lb. per sq. ft. 

Second floor 100 lb. per sq. ft. 

First floor ' 125 Ib. p<*r sq. ft. 

Sidew'alk 150 lb. p<T sq. ft. 

Wagon space and 

shipping room 250 lb. per sq. ft. 

The special loads from elevators, tanks, etc., a^e marked on the 
drawings* 

The framework is designed for a wind pressure of 20 pound.H per 
square foot applied horizontally to the vertical projection of the 
building in any direction* 

Where stresses are marked on the drawings, they may be used 
as the full effect of the loads. 

Beams and girders shall have their connections made strong 
enough to develop the full capacity of the members when they are 
uniformly loaded, even W'hen the live and dead loads are less than 
this capacity. f 

Unit Stresses. The design Is based on the unit stresses given 
in Schneider's Specifications, ♦ paragraphs 19 to 34 inclusive. These 
unit stresses shall be used in proportioning the details. ’ 

Sieel 

^ Strains. All parts of the structorB riiall be proportioned 

00 tlwA the sum of the dead and live loadii, toisether with the impact, tf any, 

not iwWe the Btraina to exceed those given in the following table: 

Spedfiealioiw fot fl^fu^tuml Work for Bujldiogn" by C. C. SekneMer. H. Am^ 
Soe. aw c* a., Vot txt, page 404. ^ 
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Tension, net section 

Direct compression 

Shear, on rivets and pins , . . ... 

Shear, on bolts and field rivets, . . 

Hhear, on plati^ginier web (gross section) 
BeannK pressure, on pins and rivets 
Bearing presi^ure, on bolts and field nvets. 
Fiber strain, on pins 


Pounds pear 
squaroindi 
. . . 16,000 
. . . 16,000 
. . 12,000 
.. 9,000 
. 10,000 
. .24,000 
. 18,000 
24,000 


B(), PcrmtHfiible Cmipremiwi Strains. For eoin}ire8sion meralxTH, the 
permisHiblc strain of 16,000 lb. per aq. in. sliall be reduced by the following 


formula: 

p - 16,000-7ot 


Wher»i p « iX'nniaHible working strnin jier square ineh in compn^Hsion; 

I a- length of piece, in inches, from center to center of connections; 
r « least radius of gyration of the section, in inches. 

S!t, For wind bra(‘ing, and the combinc*d strains due to wind and the 
citluT loading, the, permissible working strains may be increased 26%, or to 
20,000 lb. for direct) coinpreasion or tension. 

Pnmsifm Jor Ecccnlnc lading. In proportioning columns, provision 
must 1)0 made for eccentric loading. 

SS. Exjmmion^HoUers, The pressure p<‘r linear inch on expansion rollers 
shall not exceed 600 d, where d « diameter of rolh^rs, in inches. 

S4 Conilnned Strains. MemlxTs subject to the action of both axial and 
lienduig striiins shall b<j pro|K)rtioned so that the greatest filwT strain will not 
-exceed the allowed lifmlK for the axial tension or eoniprcssion in that member. 

Pvvvrml of Strains. Members subject to ix'vcrsal of strains shall be 
}in)(iori lonixl for the strain giving the largest section, but their connections shall 
bi' proportioned for the sum of the strains 

i?6\ NH Sections. Net sections must be used in calculating tension mem- 
bers, and in deducting the nvet holes; they must be tsdeen i in. larger than the 
nominal size of the rivets. 

Pin-connected riveted tension members shall have a net section 
through the pin holes 26% in excess of the net section of the body of the member. 
The net section back of the pin hole shall be at least 0.75 of the net section through 
the pin hole. 

Compression Members Limiting Length. No ctompressdon member 
shall have a^ength exceeding 12.5 times its least/ radius of gyration, except those 
for wind and latt^ral bracing, which may have a length not Qzeeedmg thanes 
the lesst radius of gyration. 

PkUi Girders. Plate giltlers shall be proportioned on the asSuniption ' 
that one-eighth of the gross area of the web is available as flange scM. The 
eompriessiau flange shall have at least the same sectional area as tlie thMdon 
flaiige> but the unsupported length ^the flange shall not exceed 16 
^ ' dO. In plate girders used as crane runways, if the unsupporied fciigthrrf 
^^pie^sidb flangh exceeds 12 times Its.width, the flange ifluA be as 
a htrfpmn betareen the points of supfiM, 
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Si, ITeb Th<B web idhAlI have stiffenetifi at the eade and laiw 

ed^ of bearing platea, and at all pointa^tf oonoentrated kiadai and aleo at' 
iatennediate points, when the thicknese of the web ia lem <^an mMHrixtietb of 
the immipported dietanoe between fiange angles, genctally not farther apart than 
the' depth of the full web plate, with a roinimum limit of 6 

S9. RoUed Bmma, I-beams, and channels used as beams or girders, ahidl 
be propoitioncd by their ^omenta of inertia. 

SS, LimUing Depth of BcatM and Cfirdtrs, The depth of rolled hfsaitis tn 
floors shall be not less than one^twentieth of the span and, if used as roof purlins, 
not less than one-thirtieth of the B|)an. 

In case of floors subject to shocks and vibrations, the depth of beams and 
gilders shall be limited to one-fiftt«nth of the span. If shiUiower beams are 
used, the sectional area shall be increased until the maximum deflection is not 
greater than that of a beam having a depth of one-fifteenth of the span, but the 
depth of such beams shall in no case be less than one-twentieth of the span. 

Cast Iron 

34 , Permtaeible Straine. Compression 12, (XK) lb pt'r sq. in. 

Tension 2,500 “ " “ “ 

Shear. ... 1,500 “ " “ 

Quality of Materfaia. Steel, The strutiural steel shapes, 
plates, and rivets shall conform to the Standard Specificjations for 
Structural Steel for Buildings adopted by the American Soci^y for 
Testing Materials*, as follows: * 

' SPECIFICATIONS FOR STRUCTURAL STEEL FOR BUILDINQS 

Structural steel may be made by either the open-hearth or Bessemer 
process. 

Rivet steel and plate or^ngle material 0ver J inch thick, which is to bo 
punched, shall be made by the open-hearth ptoce< ^ 

^he chemical and physical properties shaft conform to the limits shown in 
the tabular matter on the following page. 

For the purposes of these specifications, the yield txiiiit shall be determined 
by the careful observation of the drop of i^he beam or halt in the gage of the 
testing machine. 

In order to determine if the material conforms to the chemical limitations 
pieBciibed analyris slftkll be made by the manufacturer 

ffrom a test ingot taken at the time of the pouring of each melt or blow of steel, 
and a ocffieot copy of such analyms fumi^ed to the engineer or his inspector. 

Bpedmans for tensile and bending tests shall be made by cutting coupons 
fmn^the fin*slied product, which shall have both faces rolled and both edges 
miUed to the farm shown by Fig. 1 (sec Fig, 46); or with both edges parallel; or 
they mgy ^ turned to a diameter of | iniji for a length of at least 0 inches, 
With entar^ends, 

, (a) For material more than } inch thick ihi» bending test specimen may be 
1 indi by | Indi in acctiiMi, ^ 

ft) \ Hi vet rounds apd small r^led bars shall be tes^ ns rolled. 

f<ir tWlSg MstaHsli. Edmr MartHas. gwsntsvy. UiSveniiy of 
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Properties of Structural Steel 


f 


l^ojierties Considered 

Structural Stdel 

Rivet ^peeljOpen 

Phosphorus, max , Bessemer 

Phosphorus, max , open hearth .... . 

0.10 f>er cent 
0.06 per ocmt 

0..06 per cent 

rit. tensile strength, pounds per sq. in. 

.55,000-65,000 

48,000-58,000 

Yield iKiint. ... 

i IJH. tens, str 

} Ult. tciM. Htr. 

Klongatiou, min. per cent in 8 in 

1,400,000 
rit. tons, str 

1,400,000 

Ult. tens. str. 

C'haracfer of fniciure 

Silky 

Silky 

(^.old Irt'iid wilhoui fraeturt? ... 

i 

ISO® to diameic^r 
of 1 thickness 

180* flat, 


I ! 


MaU;rial which is to be used without annealing or further treatment shall 
be t<*sted in the oondition in which it comes from the rolls. When nuiktertal is to 
annealed or otherwise treatiKl before use, the specimens for t^^nsile ti^ts, 
n'pn'senlmg such maienal, shall be cut from properly annealed or similarly 
treated short lengths of the full section of the bar. 

At least one tensile and one bending test shall be mode from each melt or 
blow of steel as rolled. In case steel diffenng f inch and more in thickness is 
rolled from one melt or blow, a test, shall be made from the thickest and thinnest^ 
material rolhid. Should either of these teat B|X‘ciroens develop flaws, or should 
the tensile test sfxwimen break outside of the middle third of its gag<xl length, 
it may be discarded and another test specimen substituted therefor. If tensile 
test si>ccimen docs not meet the sjiecification, additional tests may be made 
(c) The. bending test may be made by pressure or by blows. ^ 

For matenal less than A inch and more than I inch in thickness, the follow- 
ing modifications shall be made in the requirements for elongation. 

id) For each increase of } inch in thickness above 1 inch, a deduction of 
1 shall be made from the specified percentage of elongation. 

(c) For each decrease of A >nch in thickness below A inch, a deduction 
of 2} shall be made from the specified percentage of elongation. 

if) For pins, the requir^ percentage of elongation shall be less than 
that specified ***** as determined on a test specimen, the center of 
which shall tte 1 inch from the surface. 

^ Finished material must be free from injurious seams, flaws, or cracks, and 
hav^i a workmanltke finish. 

TM fmeimens and every finiidied piece of steel idiall be staxhped with meH 
or blow fiiimber, except that small lueoes may be shipped in bundles iecurely 
wIWkI together, with the mdt or blow number on a metal tag attached. 

^ A varijtitkm in cross section oF weight of each piece of steel more than 
per cent froxu^that specified will be suflicieiit cause for lejeetion, Cikiept la case 
of sheared plaUCi whieb will be covej^ by^he ibOowing pcrxnissBde variaiiol^ 
are to apply to single idatA. 
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all 


Wlwn Ofdend to Weight 

PUuu 1$\ poundjs per equarefoot er ketmtr: 

(ff) Up to 100 faiohes wide, 2) pei^cent above or below the pmonbed 
weight. 

(h) 100 inches wide and over, 5 per cent above or below. 

Piaiea under f$i pounde per eqnarefoot: 

(t) Up to 75 inches wSdOi 2} per cent above or below. 

75 inches and up to 100 inches wide, 5 per cent above or 3 per oent ^ 
below. 

(j) IQO inches wide and over, 10 per cent above or 3 per wmt below. 

When Ordered to Qoge ^ 

Plates will be accepted if they measure not more than 0.0 1 inch l>elow the 
ordered thickness. 


An ejcccBB over the nominal weight corresponding to the dimensions <m the 
order will be allowed for each plate, if not more than that shown in the following 
tables, one cubic inch of rolled stwl being assumed to weigh 0.2K33 pound. 


pum» 

1 

« 

1 

1 

1 

Thickness 

Nominal 
Weights 
Lb. per 
sq It. 

Width of Plat© 

Ordei^ 

Inches 

Up to 75 in. 

75 in. and up 
to 100 in. 

100 in. and 
up tn 115 in. 

Over 116 in. 

1-4 
5-16 
3-8 
7-16 
1-2 
9-16 
. 5-8 
Over 5-8 

10 20 

12 75 

16 30 

17 85 

20 40 

22 05 

25 50 

10 p<T cent 

8 per cent 

7 |>cr cent 

6 percent 

5 per cent 
4i percent 

4 p<T cent 
i 3|p('roent 

Hfif^roont 
12 iKTceiit 

10 per cent 

8 per cent 

7 iier cent 
6J per (Hint 

6 ptT cent 

5 pfjr cent 

18 per cent 
16 percent 
13 percHmt 
10 per cent 

9 per cent 
81 per cent 

8 i)er cent 
61 per cent 

1 7 pW cent 
13pfr cent 

12 per cent 

1 1 per cent 

10 per cent 

0 per cent 


Ptaiee under } inch in thiekneee 


Thickness 

Nominal 


WuMh of Plate 


Ordered 

Inches 

n 

Weights 

Lb- per sq ft- 

Up to 50 in. 

50 in. and up 
to 70 in. 

Over 70 in. 


5.10 to 6.37 

6 37 to 7.66 
7.65 to 10.20 

10 per cent 
81 per cent 

7 per cent 

15 per cent 
121 pf^f 

10 per cent 

20 per cent 
17 pi*r cent 
15 per cent 


The inspector representing the purchaser shall have all reasoiiable facilities 
afforded to him by the manufacturer to satisfy him that the finished material is 
fumiahed in accordance with these specifications. 

All tests and inspections shall bo made at the place of manufadure, iirior 
to shipment. 

CoS Jftw. The cast iroa shali conform to the Standard SpecH 
fieati<«s for Gray Iron Castings adopted by the American Sodety 
for Testing Materials^, as foHo^: 

^AawiiieSii Soeitty for TestUiS Materishr Edisr Marberg . fiMMsiy. Uaimilty of 
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SPBCIFICATIONS FOR GRAY IRON CASTINGS 

UnleM furnace iron is sp<^fied, all $r»y castings are uiider«t4Mid to be 
made by the cupola process. 

The sulphur oontenta to be asToHows: 

Li^kt castings not over O.OS per cent 

Meduini castings not over 0.10 per cent 

Heavy casting not over 0.12 per oent 

Tn dividing castings into light, medium, and heavy classes, the following 
standards liave be**n a<lopt<?<l: 

(Vstings having any eK^*tion less than )-mch thick shall Ih* known as light 
rastItnifH, ^ 

C'^astings in which no section is k^s than 2 inches thick shall he known as 
hmt^ rastmgH. 

MeAinrn caHtings aiv those not include<l in the above clasmficatian. 

Transvfrtt^ TfaL I'he minimum bn^aking strength of the "Arbitration Bar” 
under tninsverse loa<l shall not under: 

Light castings. . 2,||p01b. 

Medium castings ...... 2,900 lb- 

Heavy castings. 3, 300 lb. 

In no case shaU the d<*fl(M*tion be under 0.10 inch 

TniHle I'eaL Where specitifHl, this sliall not run less than: 

Light castings 18,000 lb. per sq. in. 

Mixliiirn castings 21,000 lb. per sq. in. 

Heavy castings . . 24,000 lb. per sq. in. 

The quality of the iron going into castings umler specification shall be 
determmcil by means of the “Arbitration Bar". This is a bar IJ inches in diam- 
eter and ir> inches long. It shall be prepared as stated further on and tested 
transverfiK'ly. The tensile tost is not recommended, but in case It is called for, 
the bar as shown in Fm. 1, (figure not given) and turned up brom any of the 
broken pieces of the tAisversc test shall be used. The expense of the tensUe 
test shall fall on the purchaser. 

Two sets of two bars shall be cast from each heat, one set from the first 
and the other set from the last iron going into the castings. Where the tieat 
exceeds twenty tons, an additional set of two bani shall be oast for each twenty 
tons or fraction thereof abc»ve this amount. In case of a change of mixture 
during the heat, one set of two bars shall also be oast for evtfty mixture 
other than 4he regular one. Each set tst two bars is to go into a «in|^ mold. 
The bars slialh not be rumbled or otherwise treated, being simply bnisiied oft 
before tes^ng. 

The transverse teat shidl be made on all the bars cast^ with sapports 12 
inches apart, load applied at the middle, and the defieetion ai ropture noted. 
One "bar o^^ every two of each set made must fulfil the reqidreoMnta to perinit 
acceptance of the castings represented. 

The'mold tor the bam is sta^wn in Fig. 2 (figure not fpven.). IheboHidm 
of the bar, is ^ Inch smaller in diameter than the top, to sJSow l^^draft and 
the strain of pouxii^g. The pattern riiall not be rapped before 
Tbe flask Is to be laminrd w moldiiig dsad. n little 
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umli mm4 nU iM* thmigh a No. B wve, witk a n^xfure of ooo to iW&ivo 
' bituxakioaff facing. I^e mold aiball be rammed evenly and CaMy hmtl, tbor* 
oogidy dried^ and not atttab until it 10 raid. Tim test bar shall not be removed 
Uromtlie inoU until cold enough to be liandled. 

The rate of application of the load shall be from 20 to 40 seconds for a 
defieotion of 0 10 inch. 

Borings from tbe broken pieces of the '^Arbitration Bar'* shall bo used for 
the sulphur determinationB One determination for each mold made shall be 
required. In ease of dispute, tiie standards of the American Foundrymen*s 
Assodation shall be umkI for comparison. 

Castings shtdl be true to pattern, free from cracks, fla^s, and excessive 
shrinkage. In other resfiects they shall eonfonn to whatever points may be 
specially agreed upon 

The inspector shall have reasonable facilities affordcHl him by the manu* 
facturer to satisfy him that the finishcnl mateni^ w furnishe<l m accordance with 
thesc^ specifications All tc^s and inspections shall, as far us possible, be ma<le 
at the place of manufacture prior to shipment 


Paint. The paints used shall be red lead paint for the shop 
coat and graphite paint for the field coat. 

Hie red lead paint shall be made of red lead c^intairiiiig not less 
than 95 per cent Pb, O^, for the pigment and pure raw linseed oil 
with not more than 8 per cent of turpentine or Ja}>an drier for the 


vehicle. 


• The red lead paint shall be mixc'd on the premises where it is 
used, and each batch shall be userl within twenty-four hours after 
being mixed. The mixing shall be dpnt* in a churn or other 
mechanical mixer. The material shall lie used in the proportion 
of twenty-five pounds of red lead to one g^m of oil. 

The contractor shall furnish samples of the lead and oil for 
testing, and if required to do so shall lurnish the name of the manu- 
facturer of the oil and of the dealers who have handled it. 

The graphite shall be the 

brand manufactured by the Company, 

or any other graphite paint of equal quality, if it i» approved by the 
Archi^tect. 

The oontractor shall furnish samples of the graphite paint for 
analysia end test. He shall guarantee that the paint will fulfill all 
the datins for it by its mamtf acturer. 

Deiattaef Constmctl^ The details d construction shall coin 
lorar t0 pevagmiibe 37 to 9>l$ incloaive, of Schneider^# Spedficatsong, 
liaolif ||3tt^{iix>vieKmaai«a{^^ ^ 


$79 
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57. Mtniptum Thickneas oj MateriaL No steel ol iw thnn i in. Undniw 
flluill bci UHcd, except for lining or filling vacant spscce 

55. AdjusUiUe Memhera, Adjustable members in any part of structures 
shall preferably be avoided. 

55. SymmeiTtcal Rectiona, Sections shall preferably be made symmetrical. 

J^O Conruictuma. The strength of eonneotions shall be suftioient to* 
develop the full strength of the member. 

4t No connexion, except lattice bars, shall have less than two rivets. 

J^3i FUwr Beama. hloor beams shall generally Be rolled steel beams. 

43, For fireproof floors, they shall generally be tied with tie-rods at inters 
vals not exceeding eight times the depth of the beams. This spacing may be 
incTPaaed for floors w'hich are not of the arch type of eonatniction. Holes for 
tie-rmls, where the construction of the floor permits, shall l>e spaced about 3 in. 
ai)OVe the bottom of the beam. 

44* Beam Gxrder. When more than one rolled beam is used to form a 
ginler, they shall be connected by bolts and S(*parators at intervals of not more 
than 5 ft. All h<*ams having a depth of 12 in and more shall ha^at least two 
bolt-H to eatih wparator. IP 

45 . Wall Enda of Beanut aitd Girder a Wall ends of a sufficient number 
of joists and gird<TH shall lie anchorc^d siH'urc^ly to impart rigidity to the structure. 

43 . Wall BlfUea aful Column Baiuui. Wall plates and column bases shall 
lie constructed so that the load will be well distributed over the entire bearing. 
If they do not g('t the full bearing on the masonry, the deficiency shall be made 
good with Portland cement mortar. 

47 . Fhwr Girders, The floor girders may be rolled beams or plate girders; 
th<‘y shall prt*ferably be rivete<l or bolted to columns by means of connection 
angles. Shelf angles or other support may be provided for convenienoe during 
eriHJtion. 

4S Flange Plates. The flange plates of all girders shall be limited in width, 
so as not to extend, beyond the outer lino of rivets (xinnecting them to the anises, 
more than 6 in., or n^re than eight times the thickno^s of the thinnest plate. 

45 . Weh Web stiffem*m shall be in pain, and shall have a close 

bt^anug against the flange angles. Those over the end bearing, or forming the 
cM»iine<*tkm between girder and column, shall he on fillers. Intermediate stiff- 
liners may Iw on fillers or crimjied over the flange angles. The rivet pitch in 
Stiffeners shall not be more than 5 lu. 

5(K Web Splicea, Web plates of girders must be spliced at all points by 
a plate on each side of the web, capable of transmitting the full strain throuiffi^ 
splii'e rivets. 

5/^ Coluinns. Columns iffiall be designed so as to provichy for effective 
connections of floor beams, girders, or brackets. 

They shall proftirably be contmuous over several stories. 

> Coiunm Splices. The ^^dloes AaB be strong enough to raM the 
bending stram andmidee the oolumiui praotieany oontinuotomfortliririili^ 

55. Trusses. Trtisseo shaQ preferably be riveted struotunaa Heevy 
trussea of long span, where the riveted field conneotioiis mold heecnaie un- 
wieldy, or fi^’^other good reasons, may be derigned as pin-eonneijM stmctuien. 

64 . i/nlarsstiiiig Members. Mmn membm of Iniases shall be derigh^ ^ 
'that the neutral axsB of inferoeqtigig members idmH meet |0 a oomaum Jpif^ 
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BS, Racf Trtiam. Hoof triimei i&all be braced in paiM in plane of 
tbe ehcHrds. 

PiiHina e^U be made of BhapeSi or hveted-up plate, or lattice girdere. 

^TniBBod pnriins will not be allowed. 

^ 56* Bythan* The eyebars in pin^ooimeoted trusBoa composing a member 

I ehall be aa nearly parallel to the asds of the tnias aa possible. 

67* Spacing of RwH^* The anzdmum distance between centers of rivet 
holea shall three diameteis of the rivet; but the distance shall nrcforably be 
not less than 3 in. for Hn. rivets, 2\ in. for l-in. rivets, 2} in. f# Hn. rivets, 
and If in. for )'in. ri\*eifl. 

For angles with two gage lines, with rivets staggerecl, the maximum 
in each line shall be twice as great as given in Paragraph 67, and, where two or 
more plates are used in contact, rivc^ts not inorc^ than 12 in. apart in any direc- 
tion shall lie used to hold the platen together. 

69* The pitch of the rivet-, in the direction of the strain, shall not exceed 
6 in., nor 16 times the thinnest outside plate connectfHl, and not more* than 50 
times that thmhneas at right angles to the strain. 

60* Eefe f>utance. The minimum distancx^ from the cenliT of any rivet 
hole to a she^ired edge shall be 1) in. for J-in. rivetn, 1 1 in for l-in. rivets, 1 1 in. 
for t-in. rivets, and 1 in for Hn. rivets; and to a rolhxi edge, 1^, 1}, 1, and ] in., 
respectively. ^ 

61* The maximum distance from any txlge shall be eight times Ihe thick- 
ness of the plate. 

6S* Maximum Oiatneler The diameter of the rivets in any angle cMT^tu^r 
calculated strains sliall not exre<xl one-qusrter of the width of the leg in which 
they are driven. In minor parts, rivets may be I in. grc*atcr in diameter. 

6S. Pitch ai Ends, The pitch of rivets at- the ends of built compmsdon 
members shall not ex<«<5d four diameters of the rivets for a length equal to one 
and one-half times the maximum width of ihe meinbcT. 

64* Tie Plates. The open 8id<*s of coinpressiim .nembors shall lie providt«d 
with lattice having tic plates at each end at intenncnlMic points where lht‘ 
lattice is interrupted. The t le, platf« shall lie as noocMa ends as practicable^ 
In mam merabera, carrying calculated strains, the end tie plates shall have a 
length not less than tnc distance hetwe<m the lines of nvets connecting them Ui 
the flanges, and intermediate ones not less th& half this distance. 

Their thideness shall be not less than one-flfiieth of the same distance*. 

$6* Lattice. The thickness of lattice bars shall be not Icfss than one-fortiel b 
for single lattice and one-sixtieth for double lattice, of the distance list ween end 
rivets; theb mimmum width shall be as follows: 


For 15-in channds, or built sfM^ns't..} ,,, 
' with 31 and 4-m. angles^ . . 

Forl2-,l(l- and H-in- channels, or built Irt I t 
sections witb 3-iii. atig^. ... . 

FoMr 8-* and 74n. litafinels, or bui!t% • 
asctlons with 21-m. angles i . 

For fl- and 54n. channels, or built U a • 
sectkms with 2-iii. angles 


(I-iii. rivets) 
<i-in. rivets) 
(|4n. rivets) 
<l-m. nvets) 


flF. Lattice baril with two rivets AeAl generalfy be used in flanges more 
Uinti 5lku wide* 
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67 Angle of Lathee. The iiioUaation of lattice bam with the asaa of milf 
member, (^nerally, Khali be not leas than 45% and when the distance betMcn 
the nvot linos in the flange is more than 15 in., if a single liTct bar is used, tlie 
latticM^ shall be double and riveted at the intersection. , 

6S. SjHxcing of LaUice. The pitch of lattice connections, along the flange, 
dividwl by the k^ist radius of gyration of tlie member between oonneettons, 
shall be less than th(* corrc^H^Kinding ratio of thc^ member as a whole, 

60. Jtnnie. Abutting joints in compreftHion members ilrhenTaccd 

for bearing shall be spilictHl suflimently to bold the connocting members accur- 
ately in place. 

70, All other joints in nvetod work, whether in ti^nsion or compression, 
shall 1)0 fully splio«*<l. 

71. Ptn PUUte. Pin holes shall be reinforced by platt^s where noccssary; 

and at least one plate shall Ijc a« wide as the flange will allow; whore angU^s are 
us<‘d, this plate shall bfi on the same side os tlio luiglt^s. The plates shall contain 
suffieieiit nv^ets to dislnbute their portion of the pm pressure to the full^ cross 
Miction of the iiiernb<*r. H, 

72 Plus Ihns shall 1h* long enough to insure a full btmrii^f of all parts 
connected upon the lumed-flown Ixaly of the pm 

78. NfemlKTH packed on pms be held against latt^al movement. 

74 BoltH. Where memlKTs are ccmiiect^Hi by bolts, the laxly of these 
holts shall be long enough to evtend through the metal. A washer at least 
iV *n. thick sliall 1x5 used under the nut 

76. Fillers. Filh'rs b<*fween parts caiT 3 ring strain shall have a suffiokmt 
numlxT of ituU‘jH‘ndent rivets to transmit the strain to the member to which the 
filler IS attached 

76 Temfwraturc. Provision shall be mode for ex|>ansion and contraction, 
oorr<»sponding to a variatHm of f<*m|)eriiture of 150® Fahr , whore necessary. 

77. Rollers Expansion rollers shall bt* not less than 4 in in diamet/er. 

7S. Stone BfUis Stone bolts shall extend not less tlian 4 in. into granite 

pedestals and 8 in. other material 

79. Aruiiurrage ^lumns which are strauuni in tension at their base shall 
be anchored to 1>he foundations. 

50. Anchor bolts shall be long enough to engage a mass of masonry, the 
weight of which shall bt' one and one-half times the Ituunon in the anebor. 

51. Bracing. Lateral, longitudinal, and trano'erso lirading in ^Istnio- 
tnw's sliall prt'ferably be eompomxl of rigid members. 

Adjacent ends of column settions, itrhich do not have full bear* 
ing, shall have bearing plates not less tiian J inch thick. 

Rivets generally shall be f inch*in diameter, but the diameter 
the rivet ^all not be less than one-fourth of its ipip; {-inc^ rivets 
' shall beiisetl when the pieces connected aref inchOTmore in tbickneM. 

No beam connections shall be less than the standards tA the 
American Bridge CompMi§r. , > ^ 

efoanmoe from the ends of beams to cedttaans Ur fo MhriHU 
^skaQ not exceed* | indt. 
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'nenrodb between floot^ beams shall be threaded at both ends for 
a len^h of i£t least 3 inches. 

The number of rivets furnished for field (M>n«ections shall be 
JO per cent in racess of the nominal number required. 

Chimney, The cfmncotions of the castdron or steel eliirnney to 
the framework shall be such as to permit expansion and eo||rac*tiori, 
due to changes in temi)erature. 

Provide flanges with holes for brmhing connection. 

Cast-iron chimneys may have either flanged joints or hub and 
spigot joints. The bearing surfaces shall have contact on the entire 
perimeter and shall be exactly at right angles to the axis of the pi{>e, 
l)eirig turned or planed, if necessary to make them so. The calking 
space in htj) and spigot joints shall be fillefl with iron fillings and 
sal ammoniac and calked solid. Connections for anchors shall be 
cast on. 

Steel chimneys shall have lap joints for all sWop connec^tions. 
Tliey may have either lap or flange joints for the field eonnectiotis, 
except that the lap joints generally will be requirtMl for s<*lf-suppitirt- 
ing chimneys exposed to wind pressure. All joints shall be prac- 
tically air-tight and, if not so ma<le by the riveting, shall be calked. 

Caet Iron. The ends of cast-iron columns and the tops of cast- 
iron base plates and fiedestals shall planed. 

Bolt holes in. cast iron shall be drilled, n lioles for grout may be 
cored. 

In each cast-iron pedestal a grout hole shall be provided wl\ich 
shall be not less than 2| inches in diameter and plactMl as near the 
^cent^r of the base as practicable. Additional hc^Ies shall provided 
in bases larger than 4 feet in diameter. r 

The joints in cast-iron columns shall l>e made by rncaiis of 
flanges cast on the columns. Each joint shall he Imlted with not 
less than four }4nch bolts. The metal in the flanges shall be not h;s8 
than 1 inch thick. 

Unless u^herwise designed, each beam connection shall consist 
of a bradket and a lug. The bracketshall sttstain the entire reaction 
from the beam. It shall project not less than 4 in<*hffs from the 
ami shall dope I inch. The lug shall provide (or two or 
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Workmanship. The workmanship in the fabrication of 
structural steel shall conform to paragraphs 23 to 51 of'Scbndder's 
Specifications, in so far as they concern this work. 

< 

SS. General. All parts forming a structure shall be built in accordance 
w'lth approved drawings. The workmanship and finish shall be equal to the 
lHtti^ruci||^ in modem bridge work. 

^24- otraighlemng Material. Material shall be thoroughly straightened ii^ 
1 he shop, by methods which will not injure it, before Ixang laid off or worked in 
fuiy way. 

2/i Fhniifk.^ Shearing shall done neatly and accurately, and all por- 
tions of the work exposeci to view shall be neatly finished 

2ff Jittfelit. The size of rivets called for on the plans shall understood 
to mean the actual size of the cold nvet before heating. 

27. Rivet UoUh. The diameter of the punch for material not more than 
I in. thick shall be not more tlian ^ in , nor that of the die more than t in larger 
than the diameter of the nvet. Matenal more than f in. thick, excepting in 
minor details, shall be sub-punched and rf*amed or dnlled from the solicL 

2S Punrhinq. Punching shall be done accurately. Sliglit inaccuracy in 
tlie matching of WBles may btj corrected with n^ainers. Drifting to enlarge 
unfair holes will not bt* allowed. Poor matching of holes will be cause for rejec- 
tion, at thf’i option of the in8|M»ctor. 

29 Assembling Riveted merolx'rs shall have all parts well pinned up 
and firmly drawn together with bolts before riveting is commenced. Colitact 
Hurfacf's shall he painted (>S#*e Paragraph 52 ) 

50 IjatHre Bars. IjattuMj bars shall hav^e neatly-rounded ends, unless 
othenvise <»alled for. 

51 Stiffeners. Btiffeners shall fit neatly bcitween the fianges of 
girders. Where tight fits are called for, the ends of the stiffencTS shall be faced 
anti shall be brought to a true contact l>eanng with the flange angles. 

S2. Splwe Pltjiea and Fillers. Web splice plates and fillers under stiffeners 
shall Ih* eut to fit witliin i in of flange angles. 

* •'iS. ConneetKm Angles. Connection angles for floor girders shall be flush 
with <*ach other and corn*ct as to position and length of girder. 

54. Riveting. Rivets shall be driven by pit^ssure tools w,berever passible. 
PnoumaUc hammers sliall be used in preference to hand diiving. 

55. Hwets. Rivets shall look neat and finished, with beads of approved 
shape, full, and of equal sise. They shall be'oontral on the shank and shall grip 
tlie as#mbled piecH« firmly. ReH^iipping and calldiig will not be dloired 
litioso, bumetl, or otherwuie defective rivets shall be cut out and replaasd* In 
cutting out rivets, great care shall be taken not to injure the adjoining metal 
If neoesftary, they chall be drilled out. 

$6.^ Fidd BoUs. Wherever b<dts are used in place of rivolB whieb tissis^ 
mit shear, such bolts must have a driving fit, A washer not less than | in. thick 
sludl be ti^fUnder the nut. 

57. Mmbers to he Strmght. The several pieces forming ona bidH 
shall he iBtmic^i*and ahafl fit tfiowly togsihsr, and finisbed m e ptb et p sballw 
free from twists, bends, or 
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$8. FinUh JmnU, Abutting j<^ta di&ll be cut or drooMd true iMid 
ofeVMlgbt and fitted oloeely together, especially where open to vjew. In ocnnprea- 
cion joints expending on contact beaiing, the surfaces shidl be truly faee4> ^ ^ 
to havp even bearings after they are riveted up complete and when perieotly 
aHgiM^< 

$9, Eydfars. EycAiare shall be straiglit and t rue to sise, and shidl be free 
from twists, folds in the neck or head, or any other defect. Hf*acls fhall be 
made by upsetting, rolling, or forging. Welding will not be itflowej^ The form 
of the heads will be determined by the dies in use at the works whetipiie 
are made, if satisfactory to the engineer, but tlie manufacturer sliall guarantee 
the bars to break in the body with a silky fracture, when tested to rupture. The 
thickness of the head and neck shall not vary more than in. from the thickness 
of the bar. 

40. Boring Eytfbam, Before boring, each eyebar shall lie perfectly an- 
nealed and carefully straightened. Pin holes shall be in tlie otmler line of 
bars and in the cc*nter of heads. Bars of tlie same length shall bf' bored so 
aecurab^ly that, when placed together, pins lA in. smaller in diameter than the 
pin holes can be passed through the holes at both cmds of the bars at the same 
time. 

4t, Fin HoUb, Pin holes shall be bond true to gagi's, smooth and 
straight; at right angles to the axis of the member, and parallel to each other, 
unless otherwise called for. , Wherever rnissible, the l>onng shall lie done after 
the member is riveted up. 

48, Panafiim in Pm Hole«, The distance from eenter to center gt |«n 
holes shall be comH*t within m , and the dianiet^T of the hole not inort^ than 
^ in. larger than that of the pm, for pins up to .5 m. iliamet(«r, and /r In. for 
larger pins. 

48, Pins and Rollers. Pins and rollers shall turntnl accurately to 
gagics, and shall be straight, smooth, and entirely fi-ee from flaws. * 

44* Niits. At least one pilot and drlvti g nut sliall be furnished for 

each sise of pin for each structure. 

4S, Screw Threads. Screw threads shall make tiglit fits in the nuts, and 
shall be United Stales standard, ew^pt for diaiwMerK greaf^T than 1 j in., when 
tliey shall be made with six threads inch 

48. Anneahng. Steel, except in mindi* details, wdneh has ls*c»n ]>art.ially 
heated shall be properly annealed. 

47, Bud CasHngs. All steel castings sliall he annealed. 

4S. Wdds* Welds in steel^jvrill not be allowed. 

49. Bed Plates. Expansion bed plates shall be ptancnl true and smooth. 
Cast wall platea diaH be planed at top and bottom. .The eut of 1 he planing 
tool shall eonespoiid with the direction of exf^sion. 

99, Shipping Details, Pins, nuts, boHs, rivets, and other small details 
diaD be hoxad or crated. 

91, WdighL The wdg^t of every piece and box shall be marked on it in 
|daib iigures. 

^ Cwvtd framing, happers, bins, and other complicated work 
be MseinUed «iiiA fitted in tbe shop. 
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Cast Irm, The ends of cast-iron columns and the tops of base 
plates and pedestals must he finished eicaetly at right angles to the 
vertical axis of the column. 

'I'be thickness of metal in cast-iron columns shall be not* less at 
any point than that marked on the design drawings. The inside^ 
must he concentric with the outside. Shifting of the core more than 
i im^ cause rejection. At least three holes shall be drified in 
cacn column to test the thickness of metal. 

Fins, chaplets, and other irregularities shall be removed by 
chipping, leaving neatly-finished surfaces. No lioles shall be filled 
with cement or other substance without permission from the Archi- 
tect. 

The best practice shall be follow^ed in reference to the quality 
of sand, moUling, and tlie stripping of molds from castings. 

Painting. The material shall be painted one coat of red lead 
paint at the shop and one coat of graphite paint after erection. 
The painting shall be done in accordance with paragraphs 52 to 68 
of Schneider’s Sptvifications. 

Shop Fainting, Stpc^lwork, before leaving tlie shop, shall be thor- 
ouglily <'learifKl and given one good coating of pure Unseed oil, or such paint as 
may l>e called for, well worktni into all joints and open S]>aoes. 

SS, In rivetixl work, the 8urfac<is coming in contact shall be painted 
Ixifofi* lieing rivett^d togi'lhtT. 

and parts wliich arc not accessible for painting aftf*r ert*otton 
shall have tao coats of paint before leaiang the shop. 

Steelwork to be entirely embedded in concrete shall not be painted. 

5t}, Painting sliall l)o done only when the surface of the metal is perfectly 
dry It shall not. be done in wet or freesing weather, unless protected under 
cover 

67, Machine-finished surfaces shall be coated with white lelui and tallow 
before sliipmont, or lief ore licing put out into the open air« 

68, Field Painting, After the structure is en^iied, the metal vr&di diaH 
l)e paintcHl llioroughly and evenly with an additional coat of paint, mixed^th 
puie luiseed ffil, of such quality and color aatnay be sellected. The fidd paint 
shad be of different color from the shc^ paint. 

Inspection and** Testings The inspection and testing will be 
dom by the Architect or his representative. The contracted shall 
futni^ the facilities for inspecting and testing aild be gov^imd by 
hfl of the provisions contained in paragraphs 50 td 64 of Sdindld^i^S 
Specifieaticmq. < ^ ^ 

fB, inamifscturer shall fumidi all faefiities for 
the widght, qtiidity material ag||^yroirkii(hai^^ jHe shafi ftuiiill^ a 
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' lesdug mxhfae l<Mr iteOing tho tpramemi, as woll as prepare the pieces (or iiifi 
mhoMiie, free of cost, 

\ 00^ When an inepeotor is fnmished by the purchaser^ he shall have fuH 
aceass at aB tunes to all parts of the works where material under his inspsotiou 
^is manufacttured. 

r 01^ The piffchasfT shall be furniriied with coinpkite copies of mill ordfiAiy 
and nto material shall be rolled ahd no work done before he has been notified as* 
to where the orders have been placed, so that he may arrange for thfi|^spectioii. 

00* The purohaser shall also be furnished with eoinplete shop pUuuf^and 
must be notified well in advance of the start of tlie work in the shop, in ordi^r 
that he may have an inspector on hand to inspect the material and workmanship. 

0S. Complete copies of shipping invoices aliall be funushed to the pur** 
(diaser with each shipmemt. 

64 . If the inspector, through an oversight or otherwise, lum accepted 
material or work whi^ is defective or contrary to ihi* spcTificntions, this material, 
no matter in what stage of completion, may be rcicctcd by the purehsiN^r. 

Erection. Conditions at the SUe. (To be changed to suit the 
case). The site of tlie building cannot be given over to the con- 
tractor for his exclusive use. He must conduct his work as directed 
by tlie Architect, and in harmony with tlie either contractors working 
on the building at the same time. 

ITiere is no storage space on or adjacent to the building siti& 
the contractor must deliver the material as needed for erectioUi 
except arrangements may be made from time to time for the tem- 
porary storage of small quantities of material. He shall provide 
elsewhere such storage space as he may need. 

Construction Equijrment. The contvai lor shall furnish all 
equipment required for his operations. The equipment shall be ade- 
quate for its purpose, and must have ample capacity to carry on the 
woric quickly and safely. The Architeot shall have authority to onler 
b changes in equipment if, in his judgment, it is not adequate or safe. 

&U)fwg* Stored materials must be placed on skids and not on 
the ground. They must be piled and blocked up so that they will 
not become bent or otherwise injured. 

tJnpainted material shall not be so stored in the open. The 
materials sbaH be handled with cranes or derricks as far as prao^j 
ticable. must not be dumped off of cars or wagons nor in any 

otiheir way treated in a manner likidy to cause injury. 

Erecttnfi Sited and Iron Wort. The structural steel and iron 
wodk shall be eredted as rapidly as the progress the other work 
(par^eiilaily Icgpiiatjk^ ai^ walls} will permit. 


SS7 ^ 
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Setting Plates and Grouting, Base plates, bearing plates, and ^ 
ends of girders which require to be |H*outed, shall be supported 
exactly at proper level by means of sted wedges. Hie grout will 
be furnished and poured by the mason contractor. 

" Plumbing, Leveling, Bracing. The structural steel and iron 
work shall be set accurately to the lines and levels established for 
the huildifkg, as shown on the drawings. Particular care shall be 
taken to have the work plumb and level before riveting. 

Necessary bracing shall be provided for this purpose, and for 
resisting stresses due to derricks and other erection equipment and 
erection ojierations. 

Elevator shafts shall be plumbed from top to bottom with 
piano wire and must be left perfectly plumb. 

Temporary Bolts. The members shall be connected tempiir- 
arily with sufficient bolts to insure the safety of the structure until 
it is riveted. Not less than one-third the holes shall be bolted. 

Riveting. All field connections shall l>e riveted unless other- 
wise ord(Ted. The riveting shall follow as closely as practicable 
after erection. The c'onnecting members shall be drawn up tight 
with bolts l>efore riveting. Rivets generally shall be driven with 
pneumatic hammers. 

The^ rivets must be of proper length to form full heads. Rivets 
must be tight, with full coiu'entric heads. Defective rivets must be 
cut out and re-driven. No nM'upping or calking will be allowed. 

Permanent Bolts. When bolts are used for^permanent comiec?- 
tioiLs, w ashers shall be placed under the nuts, the nuts drawn tight, 
and the threads checked. In such cases, bolts must be used which 
are provided for that purpose, and not ordinary machine bolts.^ 

(^>11000^003 to cast iron shall be bolted. 

Removal gjf Equipment and Rubbish. The contractor shall 
remove the construction equipment as rapidly as its service is com* 
pleted and shall remove all rubbish from day to day. 

^ Immediately after final acceptance of the work, the contractor 
shafi remove all his equipment and property and sliall Remove ail 

nibbisAi resulting from hiS^. operations* 

' >■ 
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REVIEW QUESTIONS 

OK TRS SUBJECT Or 

STEEL CONSTRUCTION 

PART I 


1« State the three fundamental relations of equilibrium. 

2. Discuss the expression ‘^factor of Bafet 3 r^* and show wh^ 
its use should l>e discouraged in steel construction work. 

3. Give short descriptions of the Bessemer and the open 
hearth processes. 

4. Name the import^ant sections of sUuctural 8t(*el mem- 

oers. 

5. In what two ways are plates designated? 

o. How IS the center of gravity for angles with equal Ut 
determined? Make sketch. 

7. Compute the moments of iniTtia for a plate 0 inchei 
wide and J inch thick. 

8. How is the radius of gyration derived from the moment 

of inertia? * 

9. What is the section modulus art*! ^ow is it derived? 

10. Compute the section modulus and radius of gyration foi 
an angle 3*X2^^XK, taking as an, axis the line parallel to tb< 
longer leg. 

11. On what bases are structural »t€>el orders handled' 

* Which is the cheaper one? 

12. Which fsets of specifications may be used in regard to th4 
quality of structural steel? 

18. Which of the al)ove sets refers to rwlway bridges? 

14. How do these specifications compare in regard to rivei 
steel strength? 

15« What areAhe usuid limits of carbon for structural sbapec; 

S lA. tiefine “yield pomt“* 

17. tVW is the maximam allowable bearing on sbop-drivei 
iiveto ptns in potiwis tier sqwre ineh. . 

• . tS. State'tibe eictff rivets and bolts commonly need. , 


'.Stt 
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ON TOE SUBJECT OF 

STEEL CONSTRUCTION 

PART II 


1. A joist has a span of 18 feet. It supports a floor area 0 
feet in width. The floor construction weighs 115 pounds j>er 
square foot. Live load is 50 pounds per square foot. Compute 
the shear and bending moment. 

2, Figure 76. Distance Ix^twecn supports is 18 fend. 
Overhang on the right end 6 feet, on the left 8 feet. Load 8(X) 
pounds per linear foot. What is the maximum shear? Bending 
moments at 72, and 72,? Maximum positive bending moment? 

5. Given a span of 20 feet, what is the load per lineal foot 
for a bending moment of 82,000 foot-pounds? 

4. Compute shear and bending moments for two loads of 

85.000 pounds placed at third points of an 18-foot span; at the 
^quarter points. 

5. WJiat is the bending moment on an I-beam 1 8*^ X 55*^ X 40 

ftH?t long due to its own weight and to a load of 4500 poun^is con- 
centrated mid-span? « 

0. A crane girder has a span of 30 feet. The wheel load is 

25.000 pounds, the wheel base is 8 feet. What is the position of 
loads for maximum bending moment? What is the Umouni of 
maximum bending moment? 

7. Two angles are required to support a load of 5200 pounds 
uniformly distributed on a span of eight feet. Determine the 
section by means of the section modulus. 

What I-beam is required to support a uniformly dis^ 
tributed load of 3500 pounds on a 30-foot span, the permissible 
deflection being | inch? 

9. Assuming the same loads per squam foot as in Fig. 87 
but using 18' for the span and 24' for the 21' 4 8paii» (a> 
determine^ sues of joist and gird^, scheme h; (b) In sch^e g it 
is desiied to |nake the joists and girders the same depthi use two ' 
I-beams for the girder; jphat sectimu are required? 
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ON m SDBJECT or 

STEEL CONSTRUCTION 

PART III 


1. Define a column. 

2. What is a tier? 

.3. Calculate the capacity of a column, the allowable unit 
stress of which is 12,000 pounds per square inch and its area 15 
square inches. 

4. It is desired to find (a) the average stress and (b) the 
maximum fiber stress resulting from the btmding moment (taking 
J of the computed moment), and (c) the total maximum filnir 
stress in the column, if total load equals 20,000 pounds, area of 
iM'ction equals 24.7 square inches, bending moment equals 600,000 
inch-pounds, section modulus equals 80.3 inches. Show 0011*0- 
lation. 

5. State the A.R.E. formula for unit stress in columns. 
Which formula is used by the Bethlehem Steel Company? 

6. In Fig. 152 make height of pedestal I'-G', load 800,000 
pounds. Compute area of base on the masenry using 5(H} pounds 
per square inch, for other dimemnon^use those in the figure. 

7. Compute proper cast-iron column, length 140 inches, 
concentric load 200,000 pounds, eccentric load 60,000 pounds, 
eccentridty 9"; assume 14* for out8ide>diameter. 

« 8. In Fig. 174, assume four panels; let H equal 18 feet, 

. i'u Lt, equal 22 feet, and FT equal 40,000. ('ompute 

stresses in the diagonals. 

9. In Fig. 176, assume H„ Ht, and equd 12 feet, Ht, 
14 feet, Hi, 16 feet, I>|, 18 feet. Compute the stresses in 

the diagonals. Assume W a>200 pounds per Hneal foot. 

10. Referring to Fig. 179, assume 18,000 pounds, H 
eijtudB 14 L equals 18 feet. Compute (a) asdil stresses in the 
three meoRten of the frame, (b) bending zUomemt at d, (c) Con- 
. stmet moment diagram. 

ih Design the joint as shown in Fig. 187 uring |j-ineb riyeta 
^«paieed3hidiea.^ 
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ON TBS SCBJBCT OF 

STEEL CONSTRUCTION 

PART IV 


1. Estimate the weights of st(>el in the panels shown in 
Fig. 201, noheme c. Diminish each span by 1 foot. 

2. Design girder lU-11, tjTpioal floor, girder St S3. 

3. Design spandrel girder BS, typical. 

4. Compute loads and make the design fur column 9. 
Make s{ hedule as in Figs. 203 and 204. 

5. Make a diagram shoeing floor areas supported by 
Column 33 at first, second, third, and typical floors. Plates C, 
■f), E, and F. 

0. In which direction do dead loads act? 

7. Define live loads in holdings. 

8. Draw sketch of section of flat tile arch floor. 

9. State some of the items which affect the selection of floor 

10. By what is the distanee of columns from the building line 
governed^ 

fl. How shall the framing around stair wells be designed? 

12. Which scales should be used in maldng Ittruetiirai steei 

drasdns^? s. 



REVIEW QUESTIONS 

OK TRB SUBJECT OF 

STEEL CONSTRUCTION 

PART V 


1. Give briefly a theory on rust formation. 

2. State the different degrees of exposure. 

3. What qualities are desirable in a rust preventing paint? 

4. What pigments are commonly used for structural steel 
paints? 

5. Why hhould all surfaces of structural steel ineml>ers be 
thoroughly cleaned before painting? 

6. What numerical value has the coefficient of expattsnm of 

steel? 

7. Discuss the influence of heat on structural steel. 

8. What fireproof materials arc employed for protection? 

9. State the purpose of speciffcai ons. 

10. What subjects shall complete specifications contain? 

1 1 . What considerations govern the thickness of fireproofing? 

12. Which materials are bcKir suited for fireproofing? 

13. State the Chicago requirements in regard to ^‘pipcs 
enclosed by covering”. 
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